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THE U.S. NATIONAL CLIMATE CHANGE AS- 
SESSMENT: DO THE CLIMATE MODELS 
PROJECT A USEFUL PICTURE OF REGIONAL 
CLIMATE? 


THURSDAY, JULY 25, 2002 

House of Representatives, 

Committee on Energy and Commerce, 
Subcommittee on Oversight and Investigations, 

Washington, DC. 

The subcommittee met, pursuant to notice, at 9:30 a.m., in room 
2322, Rayburn House Office Building, James C. Greenwood (chair- 
man) presiding. 

Members present: Representatives Greenwood, Deutsch, and 
Fletcher. 

Staff present: Peter Spencer, professional staff; Yong Choe, legis- 
lative clerk; and Michael L. Goo, minority counsel. 

Mr. Greenwood. On the record. Good morning. The meeting will 
come to order, and let me begin by apologizing to our witnesses and 
to our guests for the tardiness. It was actually unavoidable. 

The Chair recognizes himself for 5 minutes for an opening state- 
ment. 

Good morning, and welcome. This morning we will stand at the 
intersection of science, policymaking, and public concern about cli- 
mate change to consider if an influential report provides the guid- 
ance necessary to navigate this often confusing and uncertain terri- 
tory. 

At issue is the use of climate models to create the regional cli- 
mate change scenarios that frame the discussion in what is called 
in shorthand the U.S. National Assessment on Climate Change. 

The national report about this assessment, prepared by scientists 
and researchers under a Federal advisory committee, known as the 
National Assessment Synthesis Team, two co-chairs of which are 
before us today, seeks to provide policymakers and the public with 
plausible pictures of regional climate 50 to 100 years from now 
under the impact of global warming. 

Now let me note as we head into this a couple of points about 
my perspective. First, I tend to agree with the view expressed in 
some of the testimony we will hear this morning that there are 
some reasonable mitigation — there are some reasonable mitigation 
measures and other policy strategies we can take to address cli- 
mate change risks, and that these do not depend upon the scientific 
dispute before us. Indeed, this dispute should not be used to avoid 
decisions on such policies. 


( 1 ) 
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Of course, there continues to be much debate about some of these 
policy decisions, how much can or should we do, when should we 
do it, and the debate has engaged many members of the Energy 
and Commerce Committee on both sides of the aisle. 

The hearing today, though it will help inform the debate, is not 
the appropriate forum to conduct that debate, which would only 
distract us from the important questions before us this morning. 

Second, this is not to suggest we should glide over questions of 
science and the scientific validity of the tools and methods used to 
drive understanding of inherently science based issues. We need 
sound science to inform our decisions and to ensure our actions in 
the name of science — to ensure that our actions in the name of 
science aren’t misguided because we were more confident than we 
should have been. 

So we begin today with a straightforward question: Do the cli- 
mate models project a useful picture of regional climate? We have 
asked our panelists today, all scientists and all quite familiar with 
the controversies about climate, climate variability and impacts, 
and the national assessment, to comment on this and to speak to 
the role and suitability of the models used in this report. 

In the U.S. Climate Action Report released to the United Nations 
this past May, reference to the National Assessment discussed the 
use of the models this way. “Use of these models is not meant to 
imply that they provide accurate predictions of the scientific 
changes in climate that will occur over the next 100 years. Rather, 
the models are considered plausible projections of potential changes 
for the 21st century.” 

Two initial questions come to my mind when I read this, and I 
hope the witnesses can assist us in answering these questions this 
morning. The first has to do with the plausibility of the picture 
painted by the models. This is basically a science question, which 
I am sure the experts here can sort out for this layman, and this 
is how reliable are the predictions of plausible regional outcomes, 
given the admitted limitations of the modeling, and what would 
this mean for the usefulness of the report? And given the wide var- 
iation in the projections’ results that oppose each other in one area 
but are similar in others, is it reasonable to rely upon them to take 
specific actions or to adopt specific policies? 

This appears to be a thoughtful report, and I believe the authors 
sincerely attempted to work through describing some of the uncer- 
tainty for policymakers and the public. Was it sufficient? How did 
the models work in the full picture here? 

The second question relates to the problem of communicating the 
uncertainty. The reference above makes a rather nuanced descrip- 
tion of predictions versus the projections. Yet the New York Times 
which reported the Climate Action Report’s reference to the Assess- 
ment wrote this back in May: “The report says the United States 
will be substantially changed in the next few decades, very likely 
seeing the disruptions of snow-fed water supplies, more stifling 
heat waves, and the permanent disappearance of Rocky Mountain 
meadows and coastal marshes.” 

Was this the message the authors want the public to take away? 
We must come to grips with the fact that a scientific assessment 
such as this is more than an academic exercise read by the few who 
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can grasp all the complexities. It is a document meant to guide us, 
policymakers and the public, though complicated policy intersec- 
tions where we really rely on science as much as we can. 

The stakes here are as high as any could be, the very inhabit- 
ability of our planet. The cost of reducing the stakes is also high. 
For both of these reasons, the reliability of our predictive models 
must be high indeed. 

I thank the witnesses again, especially those who have traveled 
so far to testify this morning. I now recognize the ranking member, 
Mr. Deutsch of Florida, for his opening statement. 

Mr. Deutsch. Thank you, Mr. Chairman. I believe this is our 
third hearing regarding climate change. Just a few comments rep- 
resenting south Florida. At some level I think we are probably 
more affected by potential climate change than anywhere in the 
country, and there won’t be much of south Florida left. 

The sea level of Florida’s Gulf Coast has risen sharply, up as 
many as 8 inches over the last 100 years, and more sharply over 
the last few decades and, as people are well aware, higher sea lev- 
els can mean beach erosion, threatening homes and communities, 
coral reef erosion, and more intense and damaging storms and hur- 
ricanes. 

Florida’s average temperature since the Sixties has also risen. 
Higher temperatures mean more heat related illnesses, decreasing 
air quality. Both higher sea levels and higher temperatures will se- 
riously affect obviously greater areas, including our Everglades res- 
toration efforts, and can severely affect our tourism industry. Flor- 
ida is a community where environment and the economy effectively 
are one. 

I look forward to the testimony. I am just somewhat dis- 
appointed. As you are well aware, this is our last week in session, 
and we were in session until about two o’clock yesterday evening, 
and I don’t really expect many members to be here this morning, 
which is unfortunate. But I am sure their staffs can review the 
record. I yield back. 

Mr. Greenwood. Thank you, ranking member. 

[Additional statements submitted for the record follow:] 

Prepared Statement of Hon. Paul E. Gillmor, a Representative in Congress 
from the State of Ohio 

Mr. Chairman, I wanted to quickly add my comments regarding climate change. 
In particular, I appreciate the opportunity to learn about the role of climate models 
as well as to discuss whether the U.S. National Climate Change Assessment should 
continue to serve as a benchmark with regard to potential impacts of climate change 
on our environment and human health. 

I also look forward to hearing from our panel of witnesses. I should also point out 
that in a time when the U.S. economy is so dependent upon energy, and so much 
of our energy is derived from fossil fuels, reducing emissions poses major challenges. 
Like many Members, I feel that rushing to judgement on these matters could be 
very costly, both socially and economically. In an effort to produce sound environ- 
mental policy while maintaining steady economic growth, I am hopeful that we will 
continue to review scientific information about climate change to evaluate potential 
economic and strategic impacts of a warmer, and perhaps more variable, climate. 

Again, I thank the Chairman and yield back my time. 
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Prepared Statement of Hon. W. J. “Billy” Tauzin, Chairman, Committee on 
Energy and Commerce 

Thank you Chairman Greenwood. And, let me also thank you for putting together 
what promises to be an informative hearing — one that gets to the heart of a con- 
troversy that has lingered over this national assessment for a couple of years now. 

I can tell you I have a pretty good appreciation, as does everybody from the Bayou 
State, for what Mother Nature can do to us. And she sure does remind us in a vari- 
ety of ways. 

The U.S. National Assessment also reminds us about the ways our country may 
someday be affected by climate change — whether that climate change is natural or 
influenced by man. But it also conveys some pictures of the future that, as we’ll 
hear this morning, might not be quite what they seem. 

I look forward to learning more about the use of climate models in the assess- 
ment. I’m curious to know whether the inherent uncertainties in these models — un- 
certainties I understand to be widely accepted within the science community — were 
properly accounted for when using the models to sketch out the climate change sce- 
narios in this report. 

I’m also curious to learn whether, if they weren’t properly accounted for, whether 
they undercut what was otherwise a well-intentioned, and potentially useful report. 
Did the models, in effect, send all this good research focusing on the wrong impacts? 

Nobody has perfect foresight. But we do have scientific assessments and other 
tools to help us reduce the odds that our decisions about the future are more than 
wild guesses. What troubles me, and I believe many Members who must confront 
difficult and potentially expensive decisions about climate change, is that something 
that is asserted to be sound science, is not as sound as it was portrayed to be. This 
creates false assurance where perhaps knowledge of what we don’t know would be 
more useful to guard against risks. It also threatens to undercut public trust in the 
science policymakers use to make their decisions. 

We have before us today a distinguished panel of experts who can explain the role 
of climate modeling in this assessment. They can put matters in proper perspective 
for us. We have them all here on one panel, too, so that perhaps we can generate 
some discussion to get further to the bottom of this controversy. 

I thank you again, Mr. Chairman and yield back the remainder of my time. 

Mr. Greenwood. It is the case that we were in session until two 
o’clock this morning. It is not an excuse, just an explanation for 
why some of the members may come in a little later than other- 
wise. 

To the panelists, you are aware that the House — this committee 
is holding an investigative hearing, and I think you have been in- 
formed that when we hold investigative hearings, it is our custom 
to take our testimony under oath. Do any of you object to giving 
your testimony under oath? Okay. 

Not normally for this kind of hearing but for other hearings we 
must inform you that you are entitled to have a counsel, have a 
lawyer represent you, be represented by counsel. Do any of you 
wish to be represented by counsel? Okay. In that case, if you would 
all stand and raise your right hand, I will give you the oath. 

[Witnesses sworn.] 

Mr. Greenwood. Thank you. You are under oath. Let me intro- 
duce the panel. From my left to right, Dr. Anthony C. Janetos, Sen- 
ior Fellow with the H. John Heinz Center for Science, Economics, 
and the Environment; Dr. Thomas Karl, Director of the National 
Climatic Data Center in North Carolina; Dr. Daniel Lashof, Deputy 
Director of the Climate Center, the Natural Resources Defense 
Counsel; Dr. James J. O’Brien, Director of the Center for Ocean- 
Atmospheric Prediction Studies at Florida State University; Dr. 
Roger Pielke, Sr., President-Elect of the American Association of 
State Climatologists, Colorado State Climatologist, and Professor in 
the Department of Atmospheric Science at Colorado State Univer- 
sity; and Dr. Patrick J. Michaels, Professor and Virginia State Cli- 
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matologist, Department of Environmental Sciences, University of 
Virginia. 

We welcome you all. Thank you for helping us this morning. Dr. 
Janetos, we will begin with you. You are recognized for 5 minutes 
to give your testimony. 

TESTIMONY OF ANTHONY C. JANETOS, SENIOR FELLOW, THE 
H. JOHN HEINZ III CENTER FOR SCIENCE, ECONOMICS, AND 
THE ENVIRONMENT; THOMAS R. KARL, DIRECTOR, NA- 
TIONAL CLIMATIC DATA CENTER; DANIEL A. LASHOF, DEP- 
UTY DIRECTOR, CLIMATE CENTER, NATURAL RESOURCES 
DEFENSE COUNCIL; JAMES J. O’BRIEN, DIRECTOR, CENTER 
FOR OCEAN-ATMOSPHERIC PREDICTION STUDIES, FLORIDA 
STATE UNIVERSITY; ROGER A. PIELKE, SR., PRESIDENT- 
ELECT, AMERICAN ASSOCIATION OF STATE CLIMATOLO- 
GISTS, COLORADO STATE CLIMATOLOGIST, AND PRO- 
FESSOR, DEPARTMENT OF ATMOSPHERIC SCIENCE, COLO- 
RADO STATE UNIVERSITY; AND PATRICK J. MICHAELS, PRO- 
FESSOR AND VIRGINIA STATE CLIMATOLOGIST, DEPART- 
MENT OF ENVIRONMENTAL SCIENCES, UNIVERSITY OF VIR- 
GINIA 

Mr. Janetos. Thank you, Mr. Chairman. I am pleased to have 
this opportunity to address this committee on the topic of “Do the 
Climate Models Project a Useful Picture of Climate Change?” 

Mr. Greenwood. You might want to pull the microphone. It is 
fairly directional, if you could — Thank you. 

Mr. Janetos. Thanks. The US National Assessment, “Climate 
Change Impacts on the United States: The Potential Consequences 
of Climate Variability and Change” was released in November of 
2000, following an extensive series of peer reviews and public com- 
ment. 

This first document, the overview, was followed about a month 
later by the release of the foundation, a much more extensive, fully 
documented background document that lays out all of the analyt- 
ical detail and data that were used in the National Assessment. We 
believe that the National Assessment is an extensive synthesis of 
the best available scientific information on this important topic. 

There are three questions about climate change that have domi- 
nated discussions. How much climate change is going to occur? 
What will happen as a result? What can countries do about it? 
There are obviously heated opinions about each of these, but the 
issues are real, and it is critical to understand the underlying sci- 
entific knowledge about each if sound decisions are to be made. The 
national assessment report focuses on the second of these ques- 
tions: What will happen as a result? 

A national assessment of the potential impacts of climate change 
was called for in the 1990 legislation that established the U.S. 
Global Change Research Program. For several years, that program 
focused on developing the basic scientific knowledge that the inter- 
national scientific assessment process, overseen by the IPCC, de- 
pends on. 

That scientific research provided increasing evidence that change 
in the climate system is, in fact, occurring. It has become increas- 
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ingly clear that there is a need to understand what is at stake for 
natural resources and human well-being in the U.S. 

In response to this need, in 1998 Dr. John Gibbons, then Science 
Advisor to the President, requested the USGCRP to undertake a 
national assessment originally called for in the legislation. He di- 
rected — asked the program to investigate a series of important 
questions: 

What are the current environmental stresses and issues for the 
United States that form a backdrop for additional impacts of cli- 
mate change? 

How might climate change and variability exacerbate or amelio- 
rate existing problems? 

What are the priority research and information needs that can 
better prepare policymakers for making wise decisions related to 
climate change and variability? What information and answers to 
what key questions could help decisionmakers make better in- 
formed decisions about risk, priorities, and responses? What are 
the potential obstacles to information transfer? 

What research is most important to complete over the short term 
and over the long term? 

What coping options exist that can build resilience to current en- 
vironmental stresses, and also possibly lessen the impacts of cli- 
mate change? How can we simultaneously build resilience and 
flexibility for the various sectors considering both the short and 
long term implications? 

What natural resource planning and management options make 
most sense in the face of future uncertainty? 

What choices are available for improving our ability to adapt to 
climate change and variability, and what are the consequences of 
those choices? 

A variety of efforts emerged in response to Dr. Gibbons’ quite 
daunting charge. Over 20 workshops were held around the country, 
involving academics, business people representing a range of indus- 
tries including manufacturing, power generation and tourism, and 
people who work closely on the land and in the water, including re- 
source managers, ranchers, farmers, foresters and fishermen. 

Each workshop identified a range of issues of concern to stake- 
holders in those regions, many of them quite unrelated to climate 
change per se. Most were followed by the initiation of scientific, 
university led regional studies. 

In addition to these kinds of bottom-up efforts, it was decided 
that it was also necessary to create a national level synthesis of 
what is known about the potential for climate impacts for the U.S. 
as a whole, addressing the issues identified in the regional work- 
shops and national studies. 

This synthesis, obviously, needed to build on the work that had 
begun to emerge from the subsequent regional and national stud- 
ies, but also to draw on the existing scientific literature and anal- 
yses done with the most up to date ecological and hydrological 
models and data that could be obtained. 

The National Assessment Synthesis Team, the NAST, was estab- 
lished by the NSF as an independent committee under the Federal 
Advisory Committee Act specifically in order to carry out this sec- 
ond step. It was made up of experts from academia, industry, gov- 
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ernment laboratories, and non-governmental organizations, and in 
order to ensure its openness and independence, all meetings of the 
NAST were open to the public, all documents discussed in its meet- 
ings are available through the NSF, as are all the review com- 
ments received and the responses to them. 

This is perhaps out of the ordinary for a scientific study, but 
most scientific studies do not focus on issues of such broad and 
deep implications for the country, and about which there is such 
heated debate. 

Our first action was to publish a plan for the conduct of the na- 
tional synthesis. In addition, five issues, agriculture, water, forests, 
human health, and coastal and marine systems, were selected to be 
topics for national studies. Carrying out this plan was, obviously, 
a major undertaking, with the two reports that I mentioned earlier 
as the two primary national outputs. 

Both of those national outputs have been through extensive re- 
view. At the end of 1999 two rounds of technical peer review were 
undertaken, and during the spring of 2000 an additional review by 
about 20 experts who had been outside of the assessment process 
was undertaken. Over 300 sets of comments were received from sci- 
entists in universities, industry, NGO’s, and government labs. The 
responses to external comments have been described in comprehen- 
sive review memorandums. 

The final stage of that process, a 60-day public comment period 
specifically requested by Congress, after which final revisions were 
then completed. The report was submitted to the President so that 
it could be transmitted to Congress, as called for in the original leg- 
islation. Hundreds of additional comments were received during 
the public comment period, each of which was responded to. 

In order to ensure that we did our job well, an oversight panel 
was also established through the offices of the President’s Council 
of Advisors on Science and Technology. That oversight panel was 
chaired by Dr. Peter Raven, Director of the Missouri Botanical Gar- 
den and former Home Secretary of the National Academy of 
Sciences, and Dr. Mario Molina, Professor of Atmospheric Chem- 
istry at MIT and recent Nobel prize winner for his research on 
stratospheric ozone depletion. Its membership, like the NAST’s, 
was also drawn from academia, industry, and the NGO’s. It re- 
viewed and approved the plans for the assessment. It reviewed 
each draft of the report, and reviewed the response of our synthesis 
team to all comments. 

It is important to realize that the national assessment does not 
attempt to predict exactly what the future will hold for the U.S. It 
examined the potential implications of two primary climate sce- 
narios, each based on the same assumptions about future global 
emissions of greenhouse gases, the same assumptions that has 
been used as one of many emission scenarios examined by the 
IPCC. 

The two climate scenarios were based on output from two dif- 
ferent global climate models used in the IPCC assessments, and we 
believe they were clearly within the range of global — The results 
were clearly within the range of the global annual average tem- 
perature changes shown by many such models, one of them near 
the low end of this range and one near the high end. Both also ex- 
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hibit warming trends for the U.S. that are larger than the global 
average, but this is not surprising. 

In addition to the two primary models from the Canadian Cli- 
mate Centre and the Hadley Centre, in different parts of the na- 
tional process results from climate models developed at the Na- 
tional Center for Atmospheric Research, NOAA’s Geophysical Fluid 
Dynamics Laboratory, NASA’s Goddard Institute for Space Studies, 
and the Max Planck Institute were also used in various aspects of 
the assessment. 

The NAST was aware of the scientific issues surrounding the use 
of regional results form any general circulation models. In the anal- 
yses done with the climate models’ regional outputs, simulations 
from the models were used to adjust historically observed data 
using methods that had already been peer reviewed in other stud- 
ies, in order to depict scenarios that had sufficient regional rich- 
ness for analysis. So, in fact, we did not use, for the most part, the 
raw data from the GCMs, but used that to adjust historical data. 

In addition to models, the National Assessment used two other 
ways to think about potential future climate. Many groups involved 
in our process used historical climate records to evaluate sensitivi- 
ties of regions, sectors and natural resources, the climate varia- 
bility and extremes that have in fact occurred during the 20th Cen- 
tury. 

Looking at real historical climate events, their impacts, and how 
people have adapted, gives valuable insights into potential future 
impacts that complement those provided by model projects. In addi- 
tion, the assessment used sensitivity analyses, some of which ask 
how and by how much the climate would have to change to result 
in impacts on particular regions and sectors. 

These climate scenarios describe significantly different futures 
that are scientifically plausible, given our current understanding of 
how the climate system operates. That understanding will, no 
doubt, continue to improve. As importantly, they describe separate 
baselines for analysis of how natural ecosystems, agriculture, water 
supplies, etcetera, might change as a result. 

In order to investigate such changes, the potential impacts of 
changes in the physical climate system, the report relies on up to 
date ecological and natural resource models, on empirical observa- 
tions from the literature, on investigations of how those systems 
have responded to climate variability that has been observed over 
the past century, and on the accumulated scientific knowledge that 
is available about the sensitivity of natural resources to climate, 
and about how the regions of the U.S. have and potentially could 
respond. 

The U.S. National Assessment presents the results for each sce- 
nario clearly, and then takes the important additional step of ex- 
plicitly describing the NAST’s scientific judgment about the uncer- 
tainty inherent in each result. Those results that are viewed to be 
robust are described in more certain terms. Those viewed to be the 
result of poorly understood or unreconciled differences between 
models are described in substantially more circumspect language. 

The lexicon of terms used to denote the NAST’s greater or lesser 
confidence is explicitly described in the beginning of the Overview 
report. This helps ensure that the report does not mask important 



9 


results by thoughtlessly merging models or overstating the sci- 
entific capability for assessing potential impacts. 

Finally, the report begins to identify possible options for adapta- 
tion to this changing world. It does not do a complete analysis of 
the costs, benefits or feasibility of these options, however, which 
would be a necessary next step for developing policies to address 
those issues. 

Future assessments will need to consider climate change in the 
context of the suite of environmental stresses that we all face. Per- 
haps most importantly, our report acknowledges very clearly that 
scientific uncertainties remain and that we can expect surprises as 
this uncontrolled experiment with the earth’s geochemistry plays 
out over the coming decades. 

Thank you very much. 

[The prepared statement of Anthony C. Janetos follows:] 

Prepared Statement of Anthony C. Janetos, Sr. Fellow, H. John Heinz III 
Center for Science, Economics, and the Environment 

I am pleased to have the opportunity to address the US House of Representatives 
Committee on Energy and Commerce, Subcommittee on Oversight and Investiga- 
tions on the topic of “The US National Climate Change Assessment: Do the Climate 
Models Project a Useful Picture of Climate Change?” 

The US National Assessment, Climate Change Impacts on the United States: the 
Potential Consequences of Climate Variability and Change was released in Novem- 
ber of 2000, following an extensive series of peer reviews and public comment. This 
first document, the Overview, was followed about a month later by the release of 
the Foundation, a much more extensive, fully documented background document 
that lays out all of the analytical detail and data that were used in the National 
Assessment. The National Assessment is an extensive synthesis of the best avail- 
able scientific information on this important topic. 

There are three questions about climate change that dominate discussions of this 
important topic. How much climate change is going to occur? What will happen as 
a result? What can countries do about it? There are obviously heated political opin- 
ions about each of these, but the issues are real, and it is critical to understand the 
underlying scientific knowledge about each if sound decisions are to be made. The 
assessment report focuses on the second of these questions. 

A national assessment of the potential impacts of climate change was called for 
in the 1990 legislation that established the US Global Change Research Program 
(USGCRP). For several years, the research program focused on developing the basic 
scientific knowledge that the international scientific assessment process overseen by 
the Intergovernmental Panel on Climate Change (IPCC) depends on. The IPCC was 
jointly established by the World Meteorological Organization and the United Na- 
tions Environmental Programme in 1988. As scientific research has provided com- 
pelling evidence that climate change is in fact occurring, it has become increasingly 
clear that there is a need to understand what is at stake for natural resources and 
human well-being in the US. In response to this need, in 1998, Dr. John H. Gibbons, 
then Science Advisor to the President, requested the USGCRP to undertake a the 
national assessment originally called for in the legislation. Dr. Gibbons asked the 
USGCRP to investigate a series of important questions: 

• What are the current environmental stresses and issues for the United States 

that form a backdrop for additional impacts of climate change? 

• How might climate change and variability exacerbate or ameliorate existing prob- 

lems? 

• What are the priority research and information needs that can better prepare pol- 

icy makers for making wise decisions related to climate change and variability? 

What information and answers to what key questions could help decision-mak- 
ers make better-informed decisions about risk, priorities, and responses? What 

are the potential obstacles to information transfer? 

• What research is most important to complete over the short term? Over the long 

term? 

• What coping options exist that can build resilience to current environmental 

stresses, and also possibly lessen the impacts of climate change? How can we 
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simultaneously build resilience and flexibility for the various sectors considering 
both the short and long-term implications? 

• What natural resource planning and management options make most sense in the 

face of future uncertainty? 

• What choices are available for improving our ability to adapt to climate change 

and variability and what are the consequences of those choices? How can we 
improve contingency planning? How can we improve criteria for land acquisi- 
tion? 

A variety of efforts emerged in response to Dr. Gibbons’ charge. 

Over twenty workshops were held around the country, involving academics, busi- 
ness-people representing a range of industries including manufacturing, power gen- 
eration and tourism, and people who work closely with land and water ecosystems 
including resource managers, ranchers, farmers, foresters and fishermen. Each 
workshop identified a range of issues of concern to stakeholders in those regions, 
many of them quite unrelated to climate change, per se. Most workshops were fol- 
lowed by the initiation of scientific, university-led regional studies. 

In addition to these kind of “bottom-up” efforts, it was decided that it was also 
necessary to create a national-level synthesis of what is known about the potential 
for climate impacts for the US as a whole, addressing the issues identified in the 
regional workshops and national studies. This synthesis obviously needed to build 
on the work that had begun to emerge from the subsequent regional and national 
studies, but also to draw on the existing scientific literature and analyses done with 
the most up-to-date ecological and hydrological models and data that could be ob- 
tained. The National Assessment Synthesis Team (NAST) was established by the 
National Science Foundation as an independent committee under the Federal Advi- 
sory Committee Act (FACA) specifically in order to carry out this second step. This 
committee was made up of experts from academia, industry, government labora- 
tories, and non-governmental organizations (NGO’s) (membership list is Attachment 
1). In order to ensure openness and independence, all meetings of the NAST were 
open to the public, all documents discussed in its meetings are available through 
the National Science Foundation, as are all the review comments already received 
and responses to them. This is perhaps out of the ordinary for a scientific study; 
but most scientific studies do not focus on issues of such broad and deep implica- 
tions for American society, and about which there is such heated rhetoric. 

The NAST’s first action was to publish a plan for the conduct of the national syn- 
thesis. In addition, five issues (agriculture, water, forests, health, and coastal and 
marine systems), out of the many identified, were selected to be topics for national 
studies. Carrying out this plan was a major undertaking. The end result has been 
the production of a comprehensive two-volume national assessment report. The 
“Foundation” volume is more than 600 pages long, with more than 200 figures and 
tables, with analyses of the five national sectors, and 9 regions that together cover 
the entire US. It is extensively referenced, and a commitment was made that all 
sources used in its preparation were to be open and publicly available. The “Over- 
view” volume is about 150 pages long, written in a style that is more accessible to 
the lay public, and summarizes the Foundation in a way that is understandable and 
informative, and which we are confident is scientifically sound. Both documents 
have already been through extensive review. At the end of 1999, two rounds of tech- 
nical peer review were undertaken, and during the spring of 2000, an additional re- 
view by about 20 experts outside the assessment process was undertaken. Over 300 
sets of comments have been received from scientists in universities, industry, 
NGO’s, and government laboratories. The responses to all external comments have 
been described in comprehensive review memorandums. The final stage of the proc- 
ess, a 60 day public comment period specifically requested by Congress, after which 
final revisions was then completed, and the report was submitted to the President 
so that it could be transmitted to Congress, as called for in the original legislation. 
Hundreds of additional comments were received during the public comment period, 
each of which was responded to. 

In order to ensure that the NAST carried out its charge well, an oversight panel 
was also established through the offices of the President’s Council of Advisors on 
Science and Technology (membership list is Attachment 2). The oversight panel was 
chaired by Dr. Peter Raven, Director of the Missouri Botanical Garden and former 
Home Secretary of the National Academy of Sciences, and Dr. Mario Molina, Pro- 
fessor of Atmospheric Chemistry at MIT, and recent Nobel-prize winner for his re- 
search on stratospheric ozone depletion. Its membership, like the NAST’s, was also 
drawn from academia, industry, and NGO’s. It reviewed and approved the plans for 
the assessment, reviewed each draft of the report, and reviewed the response of the 
NAST to all comments. 
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What have been the results of this extraordinarily open process? What assump- 
tions drive the analysis? What conclusions have been reached? 

It is important to realize that the national assessment does not attempt to predict 
exactly what the future will hold for the US. It examined the potential implications 
of two primary climate scenarios, each based on the same assumptions about future 
“business as usual” global emissions of greenhouse gases that the IPCC has used 
for many of its analyses. The two climate scenarios were based on output from two 
different global climate models used in the IPCC assessment. They are clearly with- 
in the range of global annual average temperature changes shown by many such 
models, one near the low and one near the high end of the range. Both exhibit 
warming trends for the US that are larger than the global average. This is not sur- 
prising. For many years, one of the most robust results of global climate models has 
been that greater warming is expected in more northerly latitudes, and that land 
surfaces are expected to warm more than the global average. We have used assump- 
tions that are entirely consistent with those used by the IPCC. In addition to the 
two primary models from the Canadian Climate Centre and the Hadley Centre, re- 
sults from climate models developed at the National Center for Atmospheric Re- 
search, NOAA’s Geophysical Fluid Dynamics Laboratory, NASA’s Goddard Institute 
for Space Studies, and the Max Planck Institute were also used in various aspects 
of the Assessment. 

The NAST was aware of the scientific issues surrounding the use of regional re- 
sults from any general circulation models. In the analyses done with the climate 
models’ regional outputs, simulations from the models were used to adjust histori- 
cally observed data in order using methods that had already been peer-reviewed in 
other studies, in order to depict scenarios that had sufficient regional richness for 
analysis. 

In addition to models, the Assessment used two other ways to think about poten- 
tial future climate. First, it used historical climate records to evaluate sensitivities 
of regions and sectors to climate variability and extremes that have occurred in the 
20th century. Looking at real historical climate events, their impacts, and how peo- 
ple have adapted, gives valuable insights into potential future impacts that com- 
plement those provided by model projections. In addition, the Assessment used sen- 
sitivity analyses, which ask how, and how much, the climate would have to change 
to bring major impacts on particular regions and sectors. 

These climate scenarios describe significantly different futures that are scientif- 
ically plausible, given our current understanding of how the climate system oper- 
ates. As importantly, they describe separate baselines for analysis of how natural 
ecosystems, agriculture, water supplies, etc. might change as a result. In order to 
investigate such changes, i.e. the potential impacts of climate changes, the report 
relies on up-to-date models, on empirical observations from the literature, on inves- 
tigations of how these systems have responded to climate variability that has been 
observed over the past century in the US, and on the accumulated scientific knowl- 
edge that is available about the sensitivities of resources to climate, and about how 
the regions of the US have and potentially could respond. 

One additional important point about the scenarios should be mentioned. The re- 
port does not average the results of models that disagree; it explicitly avoids doing 
so. The best example of this is in the analysis of potential changes in precipitation, 
where the two models used to create the scenarios give quite different results for 
some areas of the US. We have chosen to highlight these differences and explain 
that regional-scale precipitation projections are much more uncertain compared with 
temperature, rather than attempting to merge the results or guess which is more 
likely. The knowledge that the direction of precipitation change in some areas is 
quite uncertain is valuable for planning purposes, and clearly represents and impor- 
tant research challenge. There is however, consistency among models and observa- 
tions on other aspects of precipitation changes. For example, both models and obser- 
vations show an increase in the proportion of precipitation derived from heavy and 
extreme events as the climate warms. So, both types of information are pertinent 
to help with the identification of potential coping actions. In this respect, the report 
follows the procedure that the IPCC itself uses for its global impacts reports, each 
of which examines the potential impacts for entire continents. 

The US national assessment presents the results for each scenario clearly, and 
then takes the important additional step of explicitly describing the NAST’s sci- 
entific judgment about the uncertainty inherent in each result. Those results that 
are viewed to be robust are described in more certain terms; those viewed to be the 
result of poorly understood or unreconciled differences between models are described 
in more circumspect language. The lexicon of terms used to denote the NAST’s 
greater or lesser confidence is explicitly described in the beginning of the Overview 
report. This helps ensure that the report does not mask important results by 
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thoughtlessly merging models, or overstating the scientific capability for assessing 
potential impacts. Finally, the report begins to identify possible options for adapta- 
tion to this changing world. It does not do a complete analysis of the costs, benefits, 
or feasibility of these options however, which is a necessary next step for developing 
policies to address these issues. 

The report’s key findings present important observations for all Americans: 

1. Increased warming. Assuming continued growth in world greenhouse gas emis- 
sions, the climate models used in this Assessment project that temperatures in the 
US will rise 5-10°F (3-5°C) on average in the next 100 years. 

2. Differing regional impacts. Climate change will vary widely across the US. 
Temperature increases will vary somewhat from one region to the next. Heavy and 
extreme precipitation events are likely to become more frequent, yet some regions 
will get drier. The potential impacts of climate change will also vary widely across 
the nation. 

3. Vulnerable ecosystems. Many ecosystems are highly vulnerable to the projected 
rate and magnitude of climate change. A few, such as alpine meadows in the Rocky 
Mountains and some barrier islands, are likely to disappear entirely in some areas. 
Others, such as forests of the Southeast, are likely to experience major species shifts 
or break up. The goods and services lost through the disappearance or fragmenta- 
tion of certain ecosystems are likely to be costly or impossible to replace. 

4. Widespread water concerns. Water is an issue in every region, but the nature 
of the vulnerabilities varies, with different nuances in each. Drought is an impor- 
tant concern in every region. Floods and water quality are concerns in many re- 
gions. Snow-pack changes are especially important in the West, Pacific Northwest, 
and Alaska. 

5. Secure food supply. At the national level, the agriculture sector is likely to be 
able to adapt to climate change. Overall, US crop productivity is very likely to in- 
crease over the next few decades, but the gains will not be uniform across the na- 
tion. Falling prices and competitive pressures are very likely to stress some farmers, 
while benefiting consumers. 

6. Near-term increase in forest growth. Forest productivity is likely to increase 
over the next several decades in some areas as trees respond to higher carbon diox- 
ide levels. Over the longer term, changes in larger-scale processes such as fire, in- 
sects, droughts, and disease will possibly decrease forest productivity. In addition, 
climate change is likely to cause long-term shifts in forest species, such as sugar 
maples moving north out of the US. 

7. Increased damage in coastal and permafrost areas. Climate change and the re- 
sulting rise in sea level are likely to exacerbate threats to buildings, roads, power 
lines, and other infrastructure in climatically sensitive places. For example, infra- 
structure damage is related to permafrost melting in Alaska, and to sea-level rise 
and storm surge in low-lying coastal areas. 

8. Adaptation determines health outcomes. A range of negative health impacts is 
possible from climate change, but adaptation is likely to help protect much of the 
US population. Maintaining our nation’s public health and community infrastruc- 
ture, from water treatment systems to emergency shelters, will be important for 
minimizing the impacts of water-borne diseases, heat stress, air pollution, extreme 
weather events, and diseases transmitted by insects, ticks, and rodents. 

9. Other stresses magnified by climate change. Climate change will very likely 
magnify the cumulative impacts of other stresses, such as air and water pollution 
and habitat destruction due to human development patterns. For some systems, 
such as coral reefs, the combined effects of climate change and other stresses are 
very likely to exceed a critical threshold, bringing large, possibly irreversible im- 
pacts. 

10. Uncertainties remain and surprises are expected. Significant uncertainties re- 
main in the science underlying regional climate changes and their impacts. Further 
research would improve understanding and our ability to project societal and eco- 
system impacts, and provide the public with additional useful information about op- 
tions for adaptation. However, it is likely that some aspects and impacts of climate 
change will be totally unanticipated as complex systems respond to ongoing climate 
change in unforeseeable ways. 

Given these findings it is clear that climate impacts will vary widely across the 
Nation, as one would expect for a country as large and ecologically diverse as the 
US. Natural ecosystems appear to be highly vulnerable to climate changes of the 
magnitude and rate which appear to be likely; some ecosystems surprisingly so. The 
potential impacts on water resources are an important issue in every region exam- 
ined, although the nature of the concern is very different for the mountainous West 
than for the East. The potential for drought is a concern across the country. The 
nation’s food supply appears secure, but there are very likely to be regional gains 
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and losses for farmers, leading to a more complex picture on a region-by-region 
basis. Forests are likely to grow more rapidly for a few decades because of increas- 
ing carbon dioxide concentrations in the atmosphere, but it is unclear whether those 
trends will be maintained as the climate system itself changes, leading to other dis- 
turbances such as fire and pest outbreaks. However, the climate change itself will, 
over time, lead to shifts in the tree species in each region of the country, some of 
them potentially quite profound. Coastal areas in many parts of the US and the per- 
mafrost regions of Alaska are already experiencing disruptions from sea-level rise 
and recent regional warming; these trends are likely to accelerate. Climate change 
will very likely magnify the cumulative impacts of other environmental stresses 
about which people are already concerned, such as air and water pollution, and 
habitat destruction due to development patterns. There are clearly links between 
human health, current climate, and air pollution. The future vulnerability of the US 
population to the health impacts of climate change depends on our capacity to adapt 
to potential adverse changes. Many of these adaptive responses are desirable from 
a public health perspective irrespective of climate change. Future assessments need 
to consider climate change in the context of the suite of environmental stresses that 
we all face. Perhaps most importantly, the report acknowledges very clearly that sci- 
entific uncertainties remain, and that we can expect surprises as this uncontrolled 
experiment with the Earth’s geochemistry plays out over the coming decades. 

Attachment 1 

NATIONAL ASSESSMENT SYNTHESIS TEAM MEMBERS 

Jerry M. Melillo, Co-chair, Ecosystems Center, Marine Biological Laboratory; An- 
thony Janetos, Co-chair, World Resources Institute; Thomas R. Karl, Co-chair, 
NOAA, National Climatic Data Center; Robert Corell (from January 2000), Amer- 
ican Meteorological Society and Harvard University; Eric J. Barron, Pennsylvania 
State University; Virginia Burkett, USGS, National Wetlands Research Center; 
Thomas F. Cecich, Glaxo Wellcome, Inc.; Katharine Jacobs, Arizona Department of 
Water Resources; Linda Joyce USDA Forest Service; Barbara Miller, World Bank; 
M. Granger Morgan, Carnegie Mellon University; Edward A. Parson (until January 
2000), Harvard University; Richard G. Richels, EPRI; and David S. Schimel, Na- 
tional Center for Atmospheric Research. Additional Lead Authors; David Easterling 
(NOAA National Climatic Data Center); Lynne Carter (National Assessment Coordi- 
nation Office); Benjamin Felzer (National Center for Atmospheric Research); John 
Field (University of Washington); Paul Grabhorn (Grabhorn Studio); Susan J. 
Hassol (Aspen Global Change Institute); Michael MacCracken (National Assessment 
Coordination Office); Joel Smith (Stratus Consulting); and Melissa Taylor (National 
Assessment Coordination Office). 


Attachment 2 

INDEPENDENT REVIEW BOARD OF THE PRESIDENT’S COMMITTEE OF ADVISERS ON 
SCIENCE AND TECHNOLOGY (PCAST) 

Peter Raven, Co-chair, Missouri Botanical Garden and PCAST; Mario Molina, Co- 
chair, MIT and PCAST; Burton Richter, Stanford University; Linda Fisher, Mon- 
santo; Kathryn Fuller, World Wildlife Fund; John Gibbons, National Academy of 
Engineering; Marcia McNutt, Monterey Bay Aquarium Research Institute; Sally 
Ride, University of California San Diego and PCAST; William Schlesinger, Duke 
University; James Gustave Speth, Yale University; and Robert White, University 
Corporation for Atmospheric Research, and Washington, Advisory Group. 

Mr. Greenwood. Thank you, Dr. Janetos. Thank you very much 
for your testimony. 

Dr. Karl. 


TESTIMONY OF THOMAS R. KARL 

Mr. Karl. Good morning, Chairman Greenwood and members of 
the subcommittee. I was one of the three co-chairs of the report of 
the National Assessment Team. As Dr. Janetos has indicated, the 
synthesis team was comprised of scientists and other specialists 
from universities, industries, governments and non-governmental 
organizations. 
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The National Assessment reports are not policy positions or offi- 
cial statements of the U.S. Government. Rather, they were pro- 
duced by a selected set of members of the scientific community and 
offered to the government for its consideration. I am very pleased 
to have this opportunity to present the testimony regarding the 
basis for the scenarios of the 21st century climate used in the Na- 
tional Assessment. 

The purpose of the National Assessment was to synthesize, 
evaluate, and report on what we knew about the consequences of 
climate variability and change for the United States in the 21st 
Century. 

The National Assessment was our first attempt to generate cli- 
mate scenarios for various regions and sectors across the United 
States. It relied on a number of techniques to develop climate sce- 
narios for the 21st Century, including historical data to examine 
the continuation of trends, the recurrence of past climate extremes, 
climate model simulations in attempt to provide plausible scenarios 
for how the future climate may change, and sensitivity analysis to 
explore the resilience of societal and ecology systems to climate 
fluctuations and change. 

Numerous climate models were used in the National Assessment, 
but the two primary models were selected on the basis of a set of 
objective criteria that I have described in some detail in my written 
testimony. Today, if the assessment were repeated with similar cri- 
teria, results of several other models would be included. 

As I described in some detail in my written testimony, in a com- 
parison of the models used in the National Assessment with obser- 
vations and other models indicates that the two primary model 
used in the National Assessment reflected the state of scientific un- 
derstanding when the National Assessment was conducted between 
1997 and 2000. 

This had important consequences. For example, the amount of 
summertime precipitation expected over much of the contiguous 
USA as the climate warmed was quite uncertain and required the 
use of several what-if analyses to assess potential impacts. Other 
projected changes were less uncertain, like increased temperatures 
everywhere during all seasons. So the impact analysis could focus 
on the magnitude of the warming as opposed to the sign of the pro- 
jected changes. 

Interestingly, despite the fact that global models do not agree 
well in the sign of summer precipitation changes, in general cli- 
mate models indicate that as greenhouse gases increase, on aver- 
age more intense precipitation will occur. Indeed, observations in 
the USA and elsewhere reflect this today. That is, a greater propor- 
tion of the total precipitation occurs in heavy and very heavy pre- 
cipitation events. 

This attribute of precipitation change was another scenario con- 
sidered by the sectorial and regional impact and adaptation assess- 
ments. Given the many differences among models, wherever fea- 
sible the National Assessment relied on model simulations to as- 
sess impacts to the greatest extent possible. A particularly note- 
worthy example comes from the Great Lakes region. Results from 
10 models were used to assess changes in Great Lake levels during 
the 21st Century. 
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In conclusion, the National Assessment we conducted on the im- 
pact of climate change had significant limitations, but was an im- 
portant first step. Quite clearly, more needs to be done, and such 
efforts can provide more effective decision support tools, help frame 
adaptation mitigation measures to avoid the potential risk and 
harm of climate change, and maximize the potential benefits. 

I want to thank the chairman for allowing me the opportunity to 
describe the rationale used in the National Assessment to develop 
the climate scenarios for the 21st Century. I would be happy to an- 
swer any questions later. Thank you. 

[The prepared statement of Thomas R. Karl follows:] 

Prepared Statement of Thomas R. Karl, Director, National Climatic Data 
Center, National Environmental Satellite, Data, and Information Serv- 
ices, National Oceanic and Atmospheric Administration 

INTRODUCTION 

Good morning, Chairman Greenwood and members of the Subcommittee. I am 
Thomas R. Karl, Director of NOAA’s National Climatic Data Center. I was invited 
to appear today because I was one of the three Co-Chairs of the Report of the Na- 
tional Assessment Synthesis Team (NAST). 

I would like to begin by emphasizing that the reports of the National Assessment 
Synthesis Team are not a product of the U.S. Government, and they do not rep- 
resent government policy. In fact, they have sometimes been quite controversial. 
The National Assessment Synthesis Team is an advisory committee chartered under 
the Federal Advisory Committee Act. The NAST reports are not policy positions or 
official statements of the U.S. government. Rather, they were produced by selected 
members of the scientific community and offered to the government for its consider- 
ation. 

The Synthesis Team was comprised of individuals drawn from governments, uni- 
versities, industry, and non-governmental organizations that had responsibility for 
broad oversight of the National Assessment entitled “Climate Change Impacts on 
the United States — The Potential Consequences of Climate Variability and Change.” 
The purpose of the Assessment was to synthesize, evaluate, and report on what we 
presently know — and don’t know — about the potential consequences of climate varia- 
bility and change for the United States in the 21st century. It attempted to review 
climate vulnerabilities of particular regions of the nation and of particular sectors, 
and sought to provide a number of adaptation measures to reduce the risk, and 
maximize the potential benefits and opportunities of climate change, whatever its 
cause. The National Assessment was conducted from 1997 to 2000 and was our first 
attempt to generate climate scenarios for various regions and sectors across the 
United States, which turned out to be a very challenging task. I am very pleased 
to have this opportunity to present testimony regarding the basis for the scenarios 
of 21st century climate used in the National Assessment. 

As a basis for the National Assessment, and in the context of the uncertainties 
inherent in looking forward 100 years, the NAST pursued a three-pronged approach 
to considering how much the climate may change. The three approaches involved 
use of: (1) historical data to examine the continuation of trends or recurrence of past 
climatic extremes; (2) comprehensive, state-of-the-science (though still with signifi- 
cant limitations), model simulations to provide plausible scenarios for how the fu- 
ture climate may change; and (3) sensitivity analyses that can be used to explore 
the resilience of societal and ecological systems to climatic fluctuations and change. 
Of particular interest for this hearing is the second of these approaches, and that 
is where I will focus my remarks. As a pretext however, I note that the National 
Assessment rests on a combination of these approaches. 

DEVELOPING MODEL-BASED SCENARIOS FOR THE 21ST CENTURY 

Projecting changes in factors that influence climate 

Because future trends in fossil fuel use and other human activities are uncertain, 
the Intergovernmental Panel on Climate Change (IPCC) has developed a set of sce- 
narios for how the 21st century may evolve. These scenarios consider a wide range 
of possibilities for changes in population, economic growth, technological develop- 
ment, improvements in energy efficiency and the like. The two primary climate sce- 
narios used in the National Assessment were based on a mid-range emission see- 
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nario used in the second IPCC report. This scenario assumes no major changes in 
policies to limit greenhouse gas emissions. Other important assumptions in the sce- 
nario are that by the year 2100: 

• world population is projected to nearly double to about 11 billion people; 

• the global economy is projected to continue to grow at about the average rate it 

has been growing, reaching more than ten times its present size; 

• increased use of fossil fuels are projected to triple CO 2 emissions and raise sulfur 

dioxide emissions, resulting in atmospheric CO 2 concentrations of just over 700 
parts per million; and 

• total energy produced each year from non-fossil sources such as wind, solar, bio- 

mass, hydroelectric, and nuclear are projected to increase to more than ten 
times its current amount, providing more than 40% of the world’s energy, rath- 
er than the current 10%. 

There are a number of other important factors besides fossil fuel emissions that 
cause climate to change and vary. These were not part of the scenario used to drive 
climate change in the two primary models used in the National Assessment, because 
at the time of the National Assessment these simulations were not available. Figure 
1 depicts the magnitude of these other climate forcings that were omitted from the 
emission scenario. Clearly, the two largest forcings are those related to increases in 
greenhouse gases and aerosols, both included in the two primary models used in the 
National Assessment. The addition of other forcings are an important consideration 
for improvement of future assessments, for example the 

role of black carbon aerosols, and a more thorough treatment of land vegetative 
feedback effects which become quite important on local and regional space scales 
compared to global scales, e.g., the urban heat island. 

Which models to use ? 

The NAST developed a set of guidelines to aid in narrowing the set of primary 
model simulations to be considered for use by the Assessment teams. This helped 
ensure a degree of consistency across the broad number of research teams partici- 
pating in the Assessment. These guidelines included various aspects related to the 
structure of the model itself, the character of the simulations, and the availability 
of the needed results. Specifically this meant that the models must, to the greatest 
extent possible: 

• be coupled atmosphere-ocean general circulation models that include comprehen- 

sive representations of the atmosphere, oceans, and land surface, and the key 
feedbacks affecting the simulation of climate and climate change; 

• simulate the evolution of the climate through time from at least as early as the 

start of the detailed historical record in 1900 to at least as far as into the future 
as the year 2100 based on a well-understood scenario for changes in atmos- 
pheric composition that takes into account time-dependent changes in green- 
house gas and aerosol concentrations; 

• provide the highest practicable spatial and temporal resolution (roughly 200 miles 

[about 300 km] in longitude and 175 to 300 miles [about 275 to 425 km] in lati- 
tude over the central US); 

• include the diurnal cycle of solar radiation in order to provide estimates of 

changes in minimum and maximum temperature and to be able to represent 
the development of summertime convective rainfall; 

• be capable, to the extent possible, of representing significant aspects of climate 

variations such as the El Nino-Southern Oscillation cycle; 

• have completed their simulations in time to be processed for use in impact models 

and to be used in analyses by groups participating in the National Assessment; 

• be models that are well-understood by the modeling groups who participated in 

the development of the Third Assessment Report of the Intergovernmental 
Panel on Climate Change (IPCC) in order to ensure comparability between the 
US efforts and those of the international community; 

• provide a capability for interfacing their results with higher-resolution regional 

modeling studies (e.g., mesoscale modeling studies using resolutions finer by a 
factor of 5 to 10); and 

• allow for a comprehensive array of their results to be provided openly over the 

World Wide Web. 

Including at least the 20th century in the simulation adds the value of compari- 
sons between the model results and the historical record and can be used to help 
initialize the deep ocean to the correct values for the present-day period. Having re- 
sults from models with specific features, such as simulation of the daily cycle of tem- 
perature, which is essential for use in cutting edge ecosystem models, was important 
for a number of applications that the various Assessment teams were planning. 
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At the time of the National Assessment only two models, the Canadian Climate 
Centre Model and the United Kingdom’s Hadley Centre model, were able to satisfac- 
torily meet these criteria. Today however, if the Assessment were repeated with the 
same criteria, several more models would meet these criteria, including modeling ef- 
forts in the USA. Let me emphasize the importance of this, which represents an- 
other limitation of the National Assessment. In 1998 the Climate Research Council 
(which I chaired) of the National Research Council issued a report, Capacity of U.S. 
Climate Modeling to Support Climate Change Assessment Activities. While improve- 
ments in model capability have occurred during the past four years, key findings 
from the CRC report are worthy of note: 

The CRC finds that the United States lags behind other countries in its ability 
to model long-term climate change. Those deficiencies limit the ability of the 
United States to predict future climate states . . . Although collaboration and free 
and open information and data exchange with foreign modeling centers are crit- 
ical, it is inappropriate for the United States to rely heavily upon foreign cen- 
ters to provide high-end capabilities. There are a number of reasons for this, 
including the following: (1) U.S. scientists do not necessarily have full, open and 
timely access to output from European models ... (2) Decisions that might sub- 
stantially affect the U.S. economy might be made based upon considerations of 
simulations (e.g. nested-grid runs) produced by countries with different prior- 
ities than those of the United States. 

Furthermore, the report noted, “While leading climate models are global in scale, 
their ability to represent small-scale, regionally dependent processes . . . can cur- 
rently only be depicted in them using high-resolution, nested grids. It is reasonable 
to assume that foreign modeling centers will implement such nested grids to most 
realistically simulate processes on domains over their respective countries which 
may not focus on or even include the United States.” 

The use of observations 

Observations were an essential part of developing climate scenarios for the 21st 
century in the National Assessment. Reliance on model simulations provides only 
a limited opportunity to investigate the consequences of climate variability and 
change. To minimize this limitation, in the National Assessment the historical 
record was used to help determine regional and sector specific sensitivities to cli- 
mate changes and variations of differing, but contextual realistic changes. 

The observations were also used to understand how the models simulated present 
and past climate (see Figure 2), and to correct a number of model biases. While cli- 
mate models have shown significant improvement over recent decades, and the mod- 
els used in the National Assessment were among the world’s best, there were a 
number of shortcomings in applying the models to study potential regional-scale 
consequences of climate change. This is a fundamental limitation to the results of 
the National Assessment, and should be kept in mind. In the National Assessment, 
several methods were used in an attempt to address these problems. Most impor- 
tantly, the output from the primary models (the Hadley and Canadian) for tempera- 
ture and precipitation were passed through a set of standardization processing algo- 
rithms to re-calibrate the model simulations with the observations. This is especially 
important in areas of complex terrain such as mountainous regions of the West were 
model resolution was insufficient to adequately resolve detailed small-scale climate 
characteristics. The processing procedure accounted for at least some of the short- 
comings and biases in the models. So, the model scenario results used in the impact 
assessments were often adjusted to remove the systematic differences with observa- 
tions that were present in the model simulations. Such a procedure is similar to 
what is now being implemented in daily weather forecasting, where actual model 
projections are not used, but rather the historical statistical and dynamical relation- 
ships between the weather model forecasts and actual observations are used to gen- 
erate local weather forecasts. This adjustment process is fully described in the foun- 
dation report of the National Assessment. 

In addition, some of the regional teams applied other types of “down-scaling” tech- 
niques to the climate model results in order to derive estimates of changes occurring 
at a finer spatial resolution. One such technique has been to use the global climate 
model results as boundary conditions for mesoscale models that cover some par- 
ticular region (e.g., the West Coast with its Sierra Nevada and Cascade Mountains). 
These models are able to represent important processes and mountain ranges on 
finer scales than do global climate models. These small-scale simulations however, 
have not been as well tested as global models and are very computer intensive. It 
has not yet been possible to apply the techniques nationally or for the entire 20th 
or 21st centuries. With the rapid advances in computing power expected in the fu- 
ture, this approach should become more feasible for future assessments. To over- 
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come the computational limitations of mesoscale models, some of the Assessment 
Teams developed and tested empirically based statistical techniques to estimate 
changes at finer scales than the global climate models, and these efforts are dis- 
cussed in the various regional assessment reports. These techniques have the impor- 
tant advantage of being based on observed weather and climate relationships, but 
have the shortcoming of assuming that the relationships prevailing today will not 
change in the future. 

Another type of tool developed for use in the sensitivity analyses were statistical 
models and weather generators used to calculate probabilities of unusual weather 
and climate events. These models enabled impact analysts to compose “what if’ 
questions for strings of weather and climate events that could be important to their 
specific sector or region. Other approaches focused on using a variety of other types 
of observational data. 


EVALUATION OF THE MODELS 

Among the tests that have been used to evaluate the skill of climate models have 
been evaluations of climate model output to simulate present weather and climate, 
the cycle of the seasons, climatic variations over the past 20 years (the time period 
when the most complete data sets are available), climatic changes over the past 100 
to 150 years during which the world has warmed, and climatic conditions for periods 
in the geological past when the climate was quite different than at present. 

There are so many kinds of evaluations that can be made it is not possible to pro- 
vide one test to ascertain the appropriateness of any model for climate impact as- 
sessments. For example, models may be expected to reproduce the past climate for 
hemispheric and global averages on century time-scales because much of the climate 
noise due to seasonal to inter-annual climate variability tends to be less important. 
This includes many of the important climate oscillations such as the El Nino, the 
North Atlantic Oscillation, the Pacific Decadal Oscillation, and others. Because mod- 
els generally replicate the chaotic behavior of the natural climate, the climate mod- 
els simulate their own year-by-year climates and they will not produce the precise 
timing of these events to match the observations. On the other hand, the climate 
models may be expected to reproduce the statistical distribution of these events. So, 
to compare models to observations it is important to be able to average out these 
natural variations that can have very large impacts for given regions in specific 
years. For this reason in the National Assessment comparisons of the model simula- 
tions with observations on regional and subregional levels were made by averaging 
over multiple decades or longer. 

In conducting climate model evaluations it is tempting to prefer those models 
where the simulations most closely match the observations, but several complica- 
tions must be accounted for in such intercomparisons. First, there are inherent er- 
rors and biases in our observational data. Models, even if they are provided perfect 
forcing scenarios and had perfect chemistry, physics and biology, should not be ex- 
pected to perfectly match imperfect observations. By cross comparing observations 
from differing data sets and observing systems we can roughly estimate some of the 
observational errors and biases. Second, because of the chaotic nature of the climate, 
we cannot expect to match the year-by-year or decade-by-decade fluctuations in tem- 
perature that have been observed during the 20th century. Third, the particular 
model simulations used in the National Assessment did not include consideration 
of all of the effects of human-induced and naturally-induced changes that are likely 
to have influenced the climate, including changes in stratospheric and tropospheric 
ozone, volcanic eruptions, solar variability, and changes in land cover (and associ- 
ated changes relating to biomass burning, dust generation, etc.). Finally, while it is 
desirable for model simulations not to have significant biases in representing the 
present climate, having a model that more accurately reproduces the present and 
past climate does not necessarily mean that projections of changes in climate devel- 
oped using such a model would provide more accurate projections of climate change 
than models that do not give as accurate simulations. This can be the case for at 
least two reasons. First, what matters most for simulation of changes in future cli- 
mate is proper treatment of the feedbacks that contribute to amplifying or limiting 
the changes, and accurate representation of the 20th century does not guarantee 
this will be the case. Second, because projected changes are calculated by taking dif- 
ferences between perturbed and unperturbed cases, the effects of at least some of 
the systematic biases present in a model simulation of the present climate can be 
eliminated. While potential nonlinearities and thresholds make it unlikely that all 
biases can be removed in this manner, it is also possible that the projected changes 
calculated by such a model could turn out to be more accurate than simulations 
with a model that provided a better match to the 20th century climate. 
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Recognizing these many limitations, evaluation of the simulations from the Cana- 
dian and Hadley models are briefly summarized here to give an indication of the 
kinds of tests climate scientists have completed to assess the general adequacy of 
the models for use in assessing the impacts of climate change and variability. As 
depicted in Figure 2 both primary models capture the rise in global temperature 
since the late 1970s, but do not do as well in reproducing decadal variations. The 
question of how these two models compare to other climate models, several of which 
were not available at the time of the National Assessment, is addressed in Figure 
3. Note that the scaling factor required to match in the increase in temperature dur- 
ing the 20th century for all models is close to one, except for the Canadian Climate 
Model which is somewhat less than one, reflecting the relatively high sensitivity of 
this model to increases in greenhouse gases, although the scaling factor in a later 
version of the model (CGCM2 in Figure 3) is closer to one. It is also noteworthy that 
the later version of the Hadley Centre Model very closely reproduces the rate of 
20th century warming when a more complete set of forcings, indirect sulfate forcing 
and tropospheric ozone, is added to the model. Another test of a model’s ability to 
reproduce 20th Century global temperatures is to compare the annual temperatures 
generated by the models with the observations. To assess relative skill, errors can 
be compared to projections based on temperature persistence. That is, always pre- 
dicting the annual mean temperature to be equal to the longer-term mean over the 
length of the averaging period centered on either side of the prediction year. Figure 
4 shows some results of such a test for averaging periods from 10 to 50 years. This 
is a difficult test for a model to show skill because the persistence forecast actually 
includes information about the annual mean temperature both before and after the 
“prediction year.” In all cases the model simulations have smaller errors than the 
persistence based projection, indicating significant skill. 

So, analyses at the global scale for the two primary models used in the National 
Assessment indicate that there is general agreement with the observed long-term 
trend in temperature over the 20th century, but the Canadian Climate Model is sig- 
nificantly more sensitive to greenhouse gases compared to the Hadley Centre Model, 
and may be thought of as the “hotter” of the two models. This higher climate sensi- 
tivity of the Canadian model may be due to projection an earlier melting of the Arc- 
tic sea ice than the Hadley model. It is not yet clear how rapidly this melting may 
take place. 

The question as to whether the Canadian Climate Model is an outlier can be ad- 
dressed in Figure 5 where the global warming rate has been plotted for various 
models with similar forcings of greenhouse gases and sulfate aerosols. The Canadian 
Climate Model is seen to have a relatively high sensitivity to increases in green- 
house gases compared to other models, but its sensitivity is quite comparable to a 
model not used in the National Assessment, NOAA’s Geophysical Fluid Dynamics 
Laboratory R15 model. So, although the Canadian model does appear to be one of 
the more sensitive models to increases in greenhouse gases, it is not an outlier. By 
comparison the Hadley Centre model appears to have moderate sensitivity to in- 
creases in greenhouse gases. 

The National Assessment was not performed on global space scales, so it is impor- 
tant to understand the differences between model simulations and observations on 
regional scales. As part of a long-term Climate Model Intercomparison Project 
(CMIP2), Dr. Benjamin Santer of the Lawrence Livermore National Laboratory has 
recently compared results from a number of climate models related to their ability 
to reproduce the annual mean precipitation and the annual cycle of precipitation 
across North America. The results of this study, which included the two primary 
models used in the National Assessment, are depicted in Figures 6 and 7. The figure 
shows the correlation between the patterns of the model output and the observa- 
tions (the y-axis) along with a measure of the differences in actual precipitation (the 
x-axis). If there were no errors in our observing capability, a perfect model would 
reproduce the observations exactly and have perfect correlation with the observa- 
tions, the difference between any observed model grid point and observational grid 
point would be zero, and it would appear as a point in the far upper left corner of 
the plot. By comparing two different observational data sets we can get an estimate 
of the errors in the observations and this has been done in Figures 6 and 7 by com- 
paring two different 20-year climatologies over North America by two different re- 
search groups. So, no model should be expected to be in the quadrant of the diagram 
to the upper left of the less than perfect observational data sets. It is clear in Fig- 
ures 6 and 7 that the Hadley Centre model used in the National Assessment repro- 
duces the observations better than all other models, while the Canadian Climate 
Centre Model does not do as well, but is by no means an outlier. 

Although the changes in global scale features and the regional simulations of pre- 
cipitation of the two primary models are seen to be rather typical of other models, 
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there are important issues on regional scales that suggest that significant uncer- 
tainties remain in our ability to effectively use these models for impact assessments. 
For example, problems with the way these climate models simulate ENSO varia- 
bility suggest that the projected pattern of changes may not be definitive. Also, as 
illustrated by the different projections of changes in summer precipitation used in 
the National Assessment in the Southeast, there are often several processes that 
can contribute to the pattern of change. The same process can lead to different pro- 
jections of changes when imposed on a slightly different base state of the climate. 
For example, the proportion of the oceans that are frozen versus liquid, the amount 
of snow cover extent, the dryness of the ground surface, the strength of North Atlan- 
tic deep water circulation, etc., all can play important roles. In addition, the dif- 
ferent representations of land surface processes, clouds, sea-ice dynamics, horizontal 
and vertical resolution, as well as many other factors included in different climate 
models, can have an important impact on projections of changes in regional precipi- 
tation. This dependence occurs because precipitation, unlike atmospheric dynamics, 
is a highly regionalized feature of the climate, depending on the interaction of many 
processes, many of which require a set of model parameterizations. Given these 
many limitations, in the National Assessment the model simulations were viewed 
as projections not as predictions. The significance of this distinction can be seen in 
the following quote from the recently-released Climate Action Report 2002: “Use of 
these model results is not meant to imply that they provide accurate predictions of 
the specific changes in climate that will occur over the next hundred years. Rather, 
the models are considered to provide plausible projections of potential changes for 
the 21st century. For some aspects of climate, the model results differ. For example, 
some models, including the Canadian model [used in this Assessment] project more 
extensive and frequent drought in the United States, while others, including the 
Hadley model [the other model used in the Assessment] do not. As a result, the Ca- 
nadian model suggests a hotter and drier Southeast during the 21st century, while 
the Hadley model suggests warmer and wetter conditions. Where such differences 
arise, the primary model scenarios provide two plausible, but different alternatives.” 

HOW WERE THE MODEL PROJECTIONS USED? 

They model projections were used as indications of the types of consequences that 
might result. For example, as evident in Figure 2, although the emissions scenarios 
are the same for the Canadian and Hadley simulations, the Canadian model sce- 
nario projects more rapid global warming than does the Hadley model scenario. This 
greater warming in the Canadian model scenario occurs in part because the Hadley 
model scenario projects a wetter climate at both the national and global scales, and 
in part because the Canadian model scenario projects a more rapid melting of Arctic 
sea ice than the Hadley model scenario. 

Recognizing that all model results are plausible projections rather than specific 
quantitative predictions, the consistency of the temperature projections of the pri- 
mary models used for the National Assessment were assessed in a broader context. 
Figure 8 illustrates how this strategy was used. It is apparent that virtually all 
models consistently show a much greater than the global average warming over the 
US during winter and a greater than average warming during summer, except for 
Alaska. So, in the National Assessment all the scenarios of temperature change re- 
lated to increased temperatures and the increases were often as larger or larger 
than the global mean temperature increase. 

Although there are many similarities in the projected changes of temperature 
amongst the many climate models considered by the IPCC (Figure 8), this is not 
true of precipitation changes. In the National Assessment the Hadley Centre model 
often projected significantly wetter conditions compared to the Canadian model, but 
this variation is typical of our present state of understanding as depicted in Figure 
9. Only during winter is there a consistent pattern of a small increase of precipita- 
tion among most of the climate models; by contrast during summer there is not 
much agreement about the sign or magnitude of the precipitation change, except for 
a general tendency for more precipitation in the high latitudes of North America. 
The inconsistencies among all the models with respect to summertime mid-latitude 
North American precipitation (Figure 9) were reflected in the two scenarios used in 
the National Assessment, ensuring consideration of a range of possible outcomes. To 
address this range of possible outcomes a number of “what if’ scenarios were devel- 
oped and used in the National Assessment. For example, in the West, although both 
models in the National Assessment projected precipitation increases, a “what-if’ sce- 
nario of less precipitation was used to broaden the assessment of possible climate 
impacts, vulnerabilities, and adaptation measures. 
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Interestingly, despite the fact that the global climate models do not agree well on 
the sign of summer precipitation changes, virtually all climate models indicate that 
as greenhouse gases increase more intense precipitation events will occur over many 
areas. Indeed, observations reflect this today in many mid and high latitude land 
areas where data are available for such an assessment. For these reasons and the 
fact an increase in precipitation intensity can effectively be argued from simple ther- 
modynamic considerations, this attribute of precipitation change was an important 
scenario considered by the sectoral and regional impact and adaptation assessments. 

It should also be noted in the National Assessment, due to the nature of the dif- 
ferences among various models, wherever feasible other model simulations were 
used to assess possible impacts. A particularly noteworthy example comes from the 
Great Lakes Region. Results from ten models were used to simulate changes in 
Great Lake levels during the 21st century. All but one of the models suggested 
lower Lake levels. So a combination of the primary models, other climate models, 
and observations were instrumental in identifying key climate impacts and 
vulnerabilities for the 21st Century. 

FUTURE ASSESSMENTS 

To build confidence in the projections used for future climate assessments, much 
remains to be done. Further improvements in climate models are needed, especially 
in the representations of clouds, aerosols (and their interactions with clouds), sea 
ice, hydrology, ocean currents, regional orography, and land surface characteristics. 
Improving projections of the potential changes in atmospheric concentrations of 
greenhouse gases, aerosols and land use is important. Climate model simulations 
Based on these revised emissions forecasts should provide improved sets of informa- 
tion for assessing climate impacts. In addition to having results from more models 
available, ensembles of simulations from several model runs are needed so that the 
statistical significance of the projections can be more fully examined. As part of 
these efforts, it is important to develop greater understanding of how the climate 
system works (e.g., of the role of atmosphere-ocean interactions and cloud 
feedbacks), to refine model resolution, to more completely incorporate existing un- 
derstanding of particular processes into climate models, to more thoroughly test 
model improvements, and to augment computational and personnel resources in 
order to conduct and more fully analyze a wider variety of model simulations, in- 
cluding mesoscale modeling studies. 

While much remains to be done that will take time, much can also be done in 
the next few years that can substantially improve the set of products and tools 
available to assess climate impacts. For example, an intensified analysis program 
is needed to provide greater understanding of the changes and the reasons why they 
occur. New efforts to incorporate the interactive effects of changes in land use and 
vegetation in meso-scale and global models will help in understanding local and re- 
gional climate change and variability. A better understanding of the changes in 
weather patterns and extremes in relation to global changes is important. Improved 
efforts that combine analysis of the model results with the insights available from 
analysis of historical climatology and past weather patterns needs to be a priority. 
Regional climate scenarios can also be developed using a combination of climate 
model output and dynamical reasoning. More use of mesoscale models is important 
because they can provide higher resolution of spatial conditions. 

In the National Assessment, we were able to consider only one set of emission sce- 
narios rather than a range of emission scenarios. For the future, the actual emis- 
sions of greenhouse gases and aerosols could be different than the baseline used. 
Changing the emissions scenario would give increasingly divergent climate scenarios 
as the time horizon expanded. This would likely become important beyond the next 
few decades as different emission scenarios are not likely to significantly affect cli- 
mate scenarios because of the relatively slow response of the global climate and en- 
ergy systems, and because a large portion of the change will be due to past emis- 
sions. 

As recently stated by the Assistant Secretary for Oceans and Atmosphere, Dr. 
Mahoney, the highest and best use of the scientific information developed in the 
combined United States Global Climate Research Program (USGCRP) and the 
President’s Climate Change Research Initiative (CCRI) could be the development of 
comparative information that will assist decision makers, stakeholders and the gen- 
eral public in debating and selecting optimal strategies for mitigating global change, 
while maintaining sound economic and energy security conditions in the United 
States and throughout the world. Significant progress in developing and applying 
science-based decision tools during the next 1 to 3 years must be a key goal of the 
combined USGCRP and CCRI program. Examples of analyses expected to be com- 
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pleted during this time period that would improve our nations ability to conduct a 
subsequent National Assessment include: 

• Long-term global climate model projections (e.g., up to the year 2100) for a wide 

selection of potential mitigation strategies, to evaluate the expected range of 
outcomes for the different strategies. 

• Detailed analyses of variations from defined “base” strategies, to investigate the 

importance of specific factors, and to search for strategies with optimum effec- 
tiveness. 

• Linked climate change and ecosystem change analyses for several suggested strat- 

egies, to search for optimum benefits. 

• Detailed analyses of the outcomes that would be expected from application of the 

wide selection of energy conservation technologies, and carbon sequestration 
strategies, currently being investigated by the National Climate Change Tech- 
nology Initiative 


SUMMARY 

The National Assessment conducted from 1997-2000 was a first step. It relied on 
a number of techniques to develop climate scenarios for the 21st century including: 
historical data to examine the continuation of trends or recurrence of past climatic 
extremes; climate model simulations in an attempt to provide plausible scenarios for 
how the future climate may change; and sensitivity analyses to explore the resil- 
ience of societal and ecological systems to climatic fluctuations and change. Numer- 
ous climate models were used in the National Assessment, but the two primary 
models were selected on the basis of a set of objective criteria. Today, if the Assess- 
ment were repeated with the similar criteria, results of several other models would 
be included. 

Intercomparison of the models used in the National Assessment with observations 
and other models indicates that the two primary models used in the National As- 
sessment reflects the state of scientific understanding approximately 2-3 years ago. 
This had important consequences. For example, the amount of summertime precipi- 
tation expected over much of the contiguous USA as the climate warmed was quite 
uncertain and required use of several “what if’ analyses to assess potential impacts. 
Other projected changes were more certain, like increased temperatures everywhere, 
during all seasons, and impact analyses could focus on the magnitude as opposed 
to the sign of projected change. 

In conclusion, the National Assessment we conducted on the impact of climate 
variability and change had significant limitations, but was a first step. Quite clear- 
ly, more needs to be done and such efforts will provide more effective decision sup- 
port tools to help frame adaptation and mitigation measures to avoid the risk and 
harm of climate change and maximize its potential benefits. 

It is important to note a major recommendation in the National Research Coun- 
cil’s recent analysis (2001) of some key questions related to Climate Change Science. 
Specifically, that report states that “the details of the regional and local climate 
change consequent to an overall level of global climate change” requires further un- 
derstanding. The uncertainties that surfaced in generating scenarios for the Na- 
tional Assessment was clearly in our minds when we made this recommendation. 

Resolving these uncertainties will be essential to understanding the scope of any 
climate change impact. Quite clearly, more needs to be done and such efforts will 
provide more effective decision support tools to help frame adaptation and mitiga- 
tion measures to avoid the potential risk and harm of climate change and maximize 
its potential benefits. 
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Low Low Low Low Low Low Low Low 
Level of Science Understanding 

Figure 1 Global, annual-mean radiative forcings (Wnr 2 ) due to a number of agents for the 
period from pre-industrial (1750) to present (about 2000). In the National Assessment forcings 
due to greenhouse gases (the first column) and sulfate (the fourth column) were the only forcings 
used in the emission scenario. The height of the vertical bars represent the best estimate value, 
while its absence denotes no best estimate is possible. The vertical line about the rectangular 
bar with “x” provides an estimate of the uncertainty range. (From IPCC, 2001) 


Mean Temperature Anomalies (Global) 



Figure 2 Trends of global temperature from observations, the United Kingdom’s Hadley Cen- 
ter Global Climate Model, and the Canadian Climate Center’s Global Climate Model. Trends 
have been smoothed to remove year-to-year high frequency variations. 
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Scaling required on model-simulated sign 



Figure 3 Estimates of the “scaling factors” by which the amplitude of several model-simu- 
lated signals must be multiplied to reproduce the corresponding change in the observed record. 
The vertical lines represent the 5 - 95 % confidence interval due to internal natural variability. 
The models used in the National Assessment were the HadCM2 with greenhouse gases and sul- 
fur (GS) and the CGCM1 with greenhouse gases and sulfur (GS). Abbreviations: GS includes 
greenhouse and sulfate forcing and GSIO includes also includes the indirect effect of sulfate aer- 
osol forcing plus tropospheric ozone forcing. See IPCC(2001) for details. 

Annual Mean Temperature Anomaly Analysis 
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Figure 4 A comparison of the ability of the Hadley Center and Canadian Climate Center cou- 
pled global climate models used in the National Assessment to simulate the 20th century global 
climate compared with using the mean temperature over various time segments to predict year- 
to-year variations of global temperatures (persistence). Standard errors less than persistence 
based on observations reflect skillful simulations. 
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Year 

Figure 5 The time evolution of the globally averaged temperature change (relative to 1961- 
90 mean temperature) for various climate models forced with the emission scenarios used in the 
National Assessment (see IPCC 2001 for details) 
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Figure 6 Results of a coupled ocean-atmosphere global Climate Model Intercomparison 
Project (CMIP) being conducted by the Lawrence Livermore National Laboratory. This compari- 
son relates to the spatial distribution of annual precipitation across North America. All models 
are compared to the “Xie/Arkin” observational data set. The difference between two differing ob- 
servation-based data sets reflect observational uncertainties, so we would not expect any model 
to skillfully exceed these differences. All models are evaluated on the basis of pattern correla- 
tions with the observations and the relative differences of annual precipitation integrated across 
all model grid points in North America. The Hadley Center climate model used in the National 
Assessment is shown with an and the Canadian Climate Center is shown with a “#” symbol. 
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MODEL PERFORMANCE OVER NORTH AMERICA 
Annual Cycle of Precipitation 
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Figure 7 Similar to Figure 6 except the results relate to the ability of the models to reproduce 
the annual cycle of precipitation. 



Figure 8 Analysis of coupled ocean-atmosphere inter-model consistency in regional tempera- 
ture change based on much greater (40%) than average global warming, greater than average 
warming, less than average warming, inconsistent rates of warming, or cooling for the 21st cen- 
tury based on five model simulations (the Hadley and Canadian models used in the National 
Assessment and three other models used in the IPCC (2001) assessment) with 21st century in- 
creases in both greenhouse gases and sulfates (see IPCC 2001 for details). 






27 



Figure 9 Similar to Figure 8 except for precipitation and a large change represents a change 
in excess of 20% and a small change is between 5 and 20% (see IPCC, 2001 for more details). 

Mr. Greenwood. We thank you, Dr. Karl. Thank you so much. 
Dr. Lashof. 


TESTIMONY OF DANIEL A. LASHOF 

Mr. Lashof. Thank you, Mr. Chairman. In summarizing my 
written statement I want to try to make three points. 

The first is on the general value of climate models in looking into 
the future and trying to understand what is going on. 

The second is the fact that the National Assessment and the 
models that underlie it were accepted not just by the Clinton ad- 
ministration. They were reviewed more recently by the Bush ad- 
ministration, showing very broad partisan acceptance of those re- 
sults. 

Third, I want to present an example of the use of climate models 
to one particular study that we conducted on the effects of global 
warming on trout and salmon expected in the United States. 

So why climate models? Why do we use climate models to exam- 
ine the effects of global warming. The fact, Mr. Chairman, is that 
we only have one earth, and it is, therefore, impossible to conduct 
a standard controlled experiment where you take one plot and 
apply an experimental drug or chemical to it and another plot 
which is the control, which you leave undisturbed. 

We are, in fact, conducting an experiment on the earth by adding 
heat trapping carbon dioxide and other greenhouse gases to the at- 
mosphere, but we have no control. 

So the only way we can examine what the effects of the experi- 
ment that we are already engaged in would be is to have climate 
models which represent the earth based on the best available data 
we have from the atmosphere of the oceans, the land surface, and 
mathematical descriptions of the fundamental laws of physics. 
Those are run in a simulation on a computer, and that is what we 
call climate modeling. 

Of course, this type of simulation model is not unique to cli- 
mates. It is used to simulate everything from — We test crash cars 
in computers. We test fly airplanes in computers. We test detonate 
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nuclear weapons in computers. In fact, it is no accident that Law- 
rence Livermore National Laboratory does both climate modeling 
and nuclear weapons simulations using some of the most advanced 
computers in the world. So the basic idea is we are running this 
experiment on the climate, and we want to know what is going to 
happen, because if we wait to see everything that happens and we 
don’t like the results, it is too late to change it, because these car- 
bon dioxide and other greenhouse gases last in the atmosphere for 
a very long period of time. 

So that basic approach was taken. The models were selected, as 
we have heard. They are representative of what is in the inter- na- 
tional community. I just want to emphasize that, as Tony Janetos 
explained, extensive peer review process, comments by Pat Mi- 
chaels and others were submitted both on the National Assess- 
ment and the subsequent climate action report. They were fully 
considered. Responses are fully documented in the public record. 

You can find those responses on the website of the Global 
Change Research Program. I believe he is going to repeat many of 
those comments today, and it is going to be difficult to sort out all 
of that in this particular forum. I think it is important to recognize 
that those comments were considered, and detailed responses to 
them are available in the public record. 

So just to make the point that the administration — the current 
administration also accepted these conclusions, it is worth noting 
that in 2001 the Intergovernmental Panel on Climate Change’s 
Synthesis Report of its Third Assessment Report was adopted. The 
State Department submitted detailed comments on the draft of this 
document under this administration, and the administration fully 
participated in a plenary session in September 2001 where the 
summary of policymakers was adopted. 

I quote extensively — or I quote not extensively, but I quote from 
that report in my written testimony a few examples of the conclu- 
sions from that report, which basically show that global warming 
is happening, that we expect to see more heat waves, heavy pre- 
cipitation events, fewer cold days. These findings were embraced by 
the administration. 

Let me focus a little bit more on the U.S. Climate Action Report 
of 2002. This report was based upon conclusions of the National 
Academy of Sciences, the IPCC climate change report that I just 
mentioned, and the National Assessment that we have been dis- 
cussing today. It was thoroughly vetted by this administration and 
approved before its official release and transmittal to the United 
Nations Framework Convention on Climate Change. 

Among the key findings of the Climate Action Report are that, 
for example, rather than, “Rather than simply considering the po- 
tential influences of arbitrary changes in temperature, precipita- 
tion, and other variables, the use of climate models scenarios en- 
sured that the set of climate conditions considered was internally 
consistent and physically plausible.” That is the basic reason for 
using the models. 

Natural ecosystems appear to be the most vulnerable to climate 
change, because generally little can be done to help them adapt to 
the projected rate and amount of change. Sea level rise at mid- 
range rates is projected to cause additional loss of coastal wetlands, 
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particularly in areas where there are obstructions to landward mi- 
gration, and put coastal communities at greater risk of storm 
surges, especially in the southeastern United States. 

Further, it found that reduced snow pack is very likely — and this 
term “very likely,” as Dr. Janetos explained, is a specific term used 
to represent that this is a robust finding — to alter the timing and 
amount of water supplies, potentially exacerbating water short- 
ages, particularly throughout the western United States. Current 
water management practices cannot be successfully altered or 
modified. 

So I think the clear conclusion from these findings is that global 
warming does pose a very severe threat to public health and wel- 
fare in the United States Let me just finish by summarizing the 
example of a recent study that NRDC and Defenders of Wildlife re- 
leased in May that used some of the climate models, updated 
versions of two of the models used in the National Assessment plus 
a third model to project the likely effects of global warming on a 
particularly valued sport fish, trout and salmon, in the United 
States. 

We found, based on this analysis in this report, which I would 
ask to be included in the record, that at the regional level the loss 
of trout habitat in the northeast and southwest could be particu- 
larly severe, although losses are also expected in the southeast and 
Rocky Mountain regions. 

For example, in Pennsylvania we found that losses of trout habi- 
tat are projected to be 6 to 11 percent by 2030, 22 to 28 percent 
by 2060, and 33 to 44 percent by 2090, assuming continued emis- 
sion increases of heat trapping gases. At the national level the re- 
sults are loss of 5 to 17 percent by 2030, 14 to 34 percent by 2060. 

This range of results are based on using a variety of climate 
models to look at the effects that are possible. Providing that range 
is very helpful, because it gives us a sense not of a precise pre- dic- 
tion but of the likely outcomes and the probability of those out- 
comes, and gives us a way to really anticipate the types of effects 
we will look at if we don’t take action. 

So I believe that climate models are very useful to give a picture 
of what will happen. They are not precise predictions, but they do 
very usefully inform us when we make decisions about whether to 
control emissions of carbon dioxide and other heat trapping gases. 
Though I know it is not the subject of this hearing, I conclude from 
that that it is time to take action, and it is time for mandatory lim- 
its on emissions of greenhouse gases. 

Thank you very much, Mr. Chairman. 

[The prepared statement of Daniel A. Lashof follows:] 

Prepared Statement of Daniel A. Lashof, Science Director, Climate Center, 
Natural Resources Defense Council 

introduction 

Thank you Mr. Chairman and members of the committee. My name is Daniel 
Lashof, and I am the Science Director of the Natural Resources Defense Council’s 
Climate Center. I appreciate the opportunity to appear before you today. 

I have been engaged in research and assessment related to global climate change 
for more than 15 years. I was a reviewer of the National Assessment Synthesis Re- 
port. I have also served as a Lead Author of the Intergovernmental Panel on Cli- 
mate Change Special Report Land Use, Land-Use Change, and Forestry and as a 
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reviewer of several reports by the panel. I have also served on the National Re- 
search Council’s Committee on Atmospheric Chemistry and on the Energy Research 
and Development Panel of the Presidents’ Committee of Advisers on Science and 
Technology. Previously I served on the Federal Advisory Committee on Options for 
Reducing Greenhouse Gas Emissions from Personal Motor Vehicles. I hold a bach- 
elor’s degree in physics and mathematics from Harvard University and a doctorate 
in Energy and Resources from the University of California at Berkeley. 

The Natural Resources Defense Council (NRDC) is a national, non-profit organiza- 
tion of scientists, lawyers, and environmental specialists, dedicated to protecting 
public health and the environment. Founded in 1970, NRDC serves more than 
500,000 members from offices in New York, Washington, Los Angeles, and San 
Francisco. 

In my statement today I will address the value of using climate models to assess 
the potential effects of global warming on the Untied States and illustrate this by 
reviewing the results of a recent study published by NRDC and Defenders of Wild- 
life on the threat posed by global warming to trout and salmon. 

EXPERIMENTING ON THE EARTH’S CLIMATE 

Mr. Chairman, there is only one earth. It is therefore impossible to conduct a con- 
trolled physical experiment that compares an “experimental” earth with elevated 
concentrations of carbon dioxide (CO 2 ) and other heat-trapping gases to a “control” 
earth with an unpolluted atmosphere. Instead we are currently conducting an un- 
controlled experiment in which emissions from power plants, automobiles and other 
sources are adding to a thickening layer of carbon pollution in the only atmosphere 
we have. The problem is that if we don’t like the consequences of this experiment 
it will be too late to reverse them. 

Given our one-earth experimental design, which I don’t think even Congress has 
the power to change, the best approach available to us is to simulate the earth’s 
climate system using all available data on the composition of the atmosphere, the 
properties of the earth’s surface, and the conditions of the earth’s oceans combined 
with mathematical equations that describe the fundamental physical laws of motion 
and conservation of mass and energy. This is called climate modeling. Climate mod- 
els allow us to conduct non-destructive controlled experiments: An “experimental” 
simulation with rising concentrations of heat-trapping gases can be compared to a 
“control” simulation with constant concentrations. 

The idea of using computers to simulate physical systems with mathematical 
models is not unique to climate modeling. Simulation models are used to test-crash 
cars, test-fly airplanes, and test-detonate nuclear weapons. All without the need to 
sweep up afterward. If computer models were inherently useless, Boeing 777’s 
would be falling out of the skies. In fact, it’s no accident that the Lawrence Liver- 
more National Laboratory does both climate sim- ulations and nuclear weapon sim- 
ulations. And for the same reason. It is safer to run these tests on computer models 
than on the real thing. 

Climate models are in fact a remarkable achievement of modern science. Despite 
the incredible complexity of the earth’s climate system, these models are able to 
simulate with high fidelity the major processes that determine the variations in the 
earth’s climate over space and time: from the polar vortex to tropical monsoons and 
from the depths of winter to the heat of summer and everything in between. Are 
the models perfect? Of course not. Someone looking selectively for discrepancies will 
always be able to find something to point to and there will always be room for re- 
finements. Nevertheless, overall the models have achieved a level of realism and ac- 
curacy that makes them very useful tools. Indeed, they are the only tool we have 
for safely performing experiments to investigate the effects of large-scale pollution 
of the atmosphere with heat-trapping gases. 

THE BUSH ADMINISTRATION RECOGNIZES THE THREAT POSED BY GLOBAL WARMING 

The current Bush Administration has recognized the value of using simulation 
models to test the potential consequences of global warming on the United States 
in two recent reports that underwent extensive interagency review. These are the 
2001 Intergovernmental Panel on Climate Change’s (IPCC) Synthesis Report of the 
Third Assessment Report and the U.S. Climate Action Report 2002, formally known 
as the Third National Communication of the United States of America Under the 
United Nations Framework Convention on Climate Change (UNFCCC). 

First, in August 2001, the State Department submitted detailed comments on the 
draft of the IPCC’s Synthesis Report of the Third Assessment Report. The adminis- 
tration carefully reviewed this report and, while suggesting some changes and clari- 
fications, agreed with all the key findings. Furthermore, they participated fully in 
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the IPCC Plenary meeting in September 2001, where the final IPCC TAR Synthesis 
Report Summary for Policymakers (SPM) was approved in detail. Among other 
things, this report concludes that: 

• “There is new and stronger evidence that most of the warming observed over the 

last 50 years is attributable to human activities.” ( Climate Change 2001: Syn- 
thesis Report, SPM, p. 5) 

• “Projections using the SRES emissions scenarios in a range of climate models re- 

sult in an increase in globally averaged surface temperature of 1.4 to 5.8 C over 
the period 1990 to 2100. This is about two to ten times larger than the central 
value of observed warming over the 20th century and the projected rate of 
warming is very likely to be without precedent during at least the last 10,000 
years, based on paleoclimate data.” (SPM, p. 8) 

• “Models project that increasing atmospheric concentrations of greenhouse gases 

result in changes in frequency, intensity, and duration of extreme events, such 
as more hot days, heat waves, heavy precipitation events, and fewer cold days. 
Many of these projected changes would lead to increased risks of floods and 
droughts in many regions, and predominantly adverse impacts on ecological sys- 
tems, socio-economic sectors, and human health.” (SPM, p. 14) 

Then, in May 2002, the administration released the U.S. Climate Action Report 
2002 and submitted it to the Secretariat of the UNFCCC. This report is based upon 
conclusions by the National Academy of Sciences, the IPCC climate change reports, 
and the U.S. Global Change Research Program’s U.S. National Assessment of the 
Potential Consequences of Climate Variability and Change. It was thoroughly vetted 
by this administration and approved before its official release. Among the key find- 
ing of the Climate Action Report are: 

• “To provide an objective and quantitative basis for an assessment of the potential 

consequences of climate change, the U.S. National Assessment was organized 
around the use of climate model scenarios that specified changes in the climate 
that might be experienced across the United States (NAST 2001). Rather than 
simply considering the potential influences of arbitrary changes in temperature, 
precipitation, and other variables, the use of climate model scenarios ensured 
that the set of climate conditions considered was internally consistent and phys- 
ically plausible.” (p.84) 

• “Use of these model results is not meant to imply that they provide accurate pre- 

dictions of the specific changes in climate that will occur over the next 100 
years. Rather, the models are considered to provide plausible projections of po- 
tential changes for the 21st century. For some aspects of climate, all models, 
as well as other lines of evidence, are in agreement on the types of changes to 
be expected. For example, compared to changes during the 20th century, all cli- 
mate model results suggest that warming during the 21st century across the 
country is very likely to be greater, that sea level and the heat index are going 
to rise more, and that precipitation is more likely to come in the heavier cat- 
egories experienced in each region.” (p.84) 

• “The model scenarios used in the National Assessment project that the continuing 

growth in greenhouse gas emissions is likely to lead to annual-average warming 
over the United States that could be as much as several degrees Celsius (rough- 
ly 3-9°F) during the 21st century. In addition, both precipitation and evapo- 
ration are projected to increase, and occurrences of unusual warmth and ex- 
treme wet and dry conditions are expectedto become more frequent.” (p.84) 

• “Natural ecosystems appear to be the most vulnerable to climate change because 

generally little can be done to help them adapt to the projected rate and amount 
of change. 

• “Sea level rise at mid-range rates is projected to cause additional loss of coastal 

wetlands, particularly in areas where there are obstructions to landward migra- 
tion, and put coastal communities at greater risk of storm surges, especially in 
the southeastern United States. 

• “Reduced snow-pack is very likely to alter the timing and amount of water sup- 

plies, potentially exacerbating water shortages, particularly throughout the 
western United States, if current water management practices cannot be suc- 
cessfully altered or modified. 

• “Increases in the heat index (which combines temperature and humidity) and in 

the frequency of heat waves are very likely.” (p.82). 

The clear conclusion from these findings is that global warming poses a severe 
threat to public health and the environment in the United States. 
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TROUT AND SALMON IN HOT WATER 

A study published by NRDC and Defenders of Wildlife in May on the threat posed 
by global warming to trout and salmon in the United States provides one example 
of the kind of analysis that can be usefully performed using the regional results of 
global climate models. Because trout and salmon are known to be intolerant of 
warm water, their abundance could be threatened if future climate change warms 
the streams they inhabit. I ask that this report be included in the hearing record. 

Trout and salmon are highly valued for their contribution to the economy and cul- 
ture of the United States. They thrive in the cold, clear streams found in many 
mountainous and northern regions of the country. About 10 million Americans 
spend an average of ten days per year angling in streams or lakes for these fish. 
Dams, water diversions, pollution, and development threaten trout and salmon, 
which have already disappeared from many of the streams where they were for- 
merly found. Global warming poses a less visible but no less severe threat to their 
survival. 

To assess the magnitude of this threat we contracted with Abt Associates to per- 
form a new simulation study of how climate change might affect existing habitat 
for four species of trout (brook, cutthroat, rainbow, and brown) and four species of 
salmon (chum, pink, coho and chinook) in streams throughout the contiguous United 
States. The simulation uses the results of three different climate models, including 
updated versions of the Canadian model (CGCM2) and the Hadley Center model 
(HadCm3) used in the National Assessment, as well as an Australian model 
(CSIRO-Mk2). The changes in air temperatures projected by these global climate 
models are used to project the impact of global warming on U.S. stream tempera- 
tures, using a new, more accurate method to estimate the relationship between air 
and stream temperatures. 

Interestingly, the version of the Hadley Center model used for this study projects 
warming rates for the United States that are quite similar to Canadian Model re- 
sults used in the National Assessment. Trout and salmon are particularly sensitive 
to increases in summer temperature and the Hadley Model (HadCm3) projects an 
increase in average July temperatures for the contiguous United States of as much 
as 10 degrees Fahrenheit by 2090, assuming that emissions of heat-trapping gases 
are not curtailed. 

The study found that trout and salmon habitat is indeed vulnerable to the effects 
of global warming. At the national level we estimate that individual species of trout 
and salmon could lose 5-17 percent of their existing habitat by the year 2030, 14- 
34 percent by 2060, and 21-42 percent by 2090, based on emissions scenarios A1 
and A2 from the Intergovernmental Panel on Climate Change (IPCC), depending on 
the species considered and model used. Projected effects on trout and salmon are 
lower for IPCC scenarios B1 and B2, which assume that global CO 2 emissions are 
reduced for reasons not directly related to global warming. For these scenarios, we 
estimate habitat losses of 4-20 percent by 2030, 7-31 percent by 2060, and 14-36 
percent by 2090, depending on fish species and model. Of particular concern is the 
number of stream locations that become unsuitable for all modeled species (Exhibit 
1 ). 

At the regional level, loss of trout habitat in the Northeast and the Southwest 
could be particularly severe, although losses are also expected in the Southeast and 
Rocky Mountain regions. For example, in Pennsylvania losses of trout habitat are 
projected to be 6-11 percent by 2030, 22-28 percent by 2060, and 33-44 percent by 
2090, based on the A1 and A2 emission scenarios. Significant losses of salmon habi- 
tat are projected throughout their current range. The number of locations expected 
to become unsuitable for both trout and salmon expands steadily over time, assum- 
ing emissions of heat-trapping gases continue to increase (Exhibit 2). 

These results are robust with respect to key model specifications and assump- 
tions. For a given emissions scenario, the greatest uncertainty is due to differences 
among the global climate models, yet the results provide a valuable indicator of the 
regions most vulnerable to loss of cold water fish habitat. Differences among the sce- 
narios for future emissions of heat-trapping gases also significantly affect the re- 
sults, even though none of the scenarios examined assumes that policies are adopted 
specifically to address global warming. For all emissions scenarios our results are 
likely to understate expected losses of habitat because of the several dimensions of 
climate change and potential effects on habitat that were beyond the scope of the 
study. These include potential effects on stream flows, changes to the temperature 
of groundwater discharge, changes in ocean conditions, and other considerations. In 
addition, these results must be viewed within the context of other present and fu- 
ture threats to fish habitat, which are likely to add to the temperature-related 
losses estimated in the report. 
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This analysis demonstrates that it is possible to draw robust conclusions about 
the vulnerability of key resources to the effects of global warming, despite variations 
in climate model projections. The results show that future strategies to protect trout 
and salmon will need to address the potential effects of global warming. 

RESPONDING TO THE THREAT OF GLOBAL WARMING 

The administration has recognized the threat posed to the United States by global 
warming and has reaffirmed the United States’ commitment to the objective of the 
Framework Convention on Climate Change, which is to stabilize greenhouse gas 
concentrations in the atmosphere at safe levels. Nonetheless, the administration has 
refused to consider any mandatory limits on emissions of heat-trapping gases. This 
position is both illogical and irresponsible. 

The administration has argued, in essence, that mandatory limits on emissions 
of CO 2 and other heat-trapping gases would harm the economy, and that therefore 
we should rely on voluntary measures and adapt to changes in climate. The admin- 
istration has not advanced any analysis, however, to suggest that voluntary action 
has any chance of stabilizing greenhouse gas concentrations in the atmosphere. In- 
deed, the United States has now relied on voluntary measures for more than a dec- 
ade and emissions have continued to increase. 

The administration’s claim that setting mandatory limits on emissions now would 
harm the economy is equally unsupported by analysis. While it is possible to con- 
struct straw-man proposals that would be costly, surely there must be some level 
and timetable for a CO 2 emission limit that would be affordable. Yet the administra- 
tion has rejected any mandatory limit out of hand. In fact, failure to set limits now 
will lead to stranded investments in new highly emitting power plants and other 
equipment that will become obsolete when limits are established in the future. 

Further delay in establishing mandatory limits on heat-trapping gas emissions is 
irresponsible because our window for taking action in time to stabilize greenhouse 
gas concentrations at safe levels is rapidly closing. The IPCC Synthesis Report cited 
earlier, which was adopted with the full participation of the administration, makes 
this quite clear: 

• “The severity of the adverse impacts will be larger for greater cumulative emis- 

sions of greenhouse gases and associated changes in climate.” (SPM p.9) 

• “Inertia is a widespread inherent characteristic of the interacting climate, ecologi- 

cal, and socieconomic systems. Thus some impacts of anthropogenic climate 
change may be slow to become apparent, and some could be irreversible if cli- 
mate change is not limited in both rate and magnitude before associated thresh- 
olds, whose positions may be poorly known, are crossed.” (SPM p. 16) 

• “The pervasiveness of inertia and the possibility of irreversibility in the inter- 

acting climate, ecological, and socio-economic systems are major reasons why 
anticipatory adaptation and mitigation actions are beneficial. A number of op- 
portunities to exercise adaptation and mitigation options may be lost if action 
is delayed.” (SPM p. 18) 

Mr. Chairman, global warming poses a clear threat to the United States. The good 
news is that this is a threat that we know how to stop. Now is the time to set man- 
datory limits on emissions of heat-trapping gases. 

Thank you. 
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Exhibit 1 . Locations Losing AH Cold Water Fish Habitat 

Mr. Greenwood. Thank you, Dr. Lashof. The last two times at 
my trout fishing in Pennsylvania I caught nothing. Now I know 
why. 

Dr. O’Brien. 


TESTIMONY OF JAMES J. O’BRIEN 

Mr. O’Brien. Mr. Chairman, thank you very much for inviting 
me today. I have been a physical scientist in oceanography/meteor- 
ology for 40 years. I will tell you that in the early part of my career 
primarily I was an ocean modeler, and my students and I are rec- 
ognized for that internationally. Then in the Seventies, late Seven- 
ties and Eighties, we contributed to understanding of El Nino and 
how it can be forecast, and then in the Nineties, while most sci- 
entists were studying what was happening in tropical countries, 
my students and I concentrated on impacts in the United States, 
and I have listed in my paper many of the things we have done. 

In 1990 I accepted the pro bono job as the State Climatologist in 
Florida. Mr. Deutsch, I am your State Climatologist. So if you have 
any constituents who need to know about climate variability or cli- 
mate data, please refer them to my office in Tallahassee. 

The reason I took it was very simple. Based on the climate varia- 
bility studies, which is part of my theme, the mitigatable impact 
in the State of Florida is at least $500 million a year, primarily in 
forestry and agriculture, tourism and fisheries. I want to see that 
we accelerate this information for the people of Florida. 

Recently, we have actually developed — which is now being used 
by the wildfire management people in Florida — a way to predict up 
to 6 months in advance which county is more vulnerable for forest 
fires. You know we have had quite a time with 3 years of drought 
in the State of Florida. 

So we provide climate advice to the citizens of Florida for all sec- 
tors, but particularly agricultural, forestry, tourism and power gen- 
eration, and I am funded by NOAA in this area also to do the re- 
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search that goes along with providing the information. We work 
closely with Tom Karl and he provides us lots of the old data which 
is very useful. 

Now, turning to the National Regional Assessment of Climate 
Change, I was the co-chair for the Southeast Regional Assessment. 
Unfortunately, my co-chair, Dr. Ron Ritschard, died at an early 
year. We were funded by NASA. 

Today I want to focus on the question, and in my scientific opin- 
ion, the Hadley model is a state-of-the-art model, but it has poor 
horizontal resolution, inadequate physics, particularly in the ocean 
component. And since we deal primarily with — when we worry 
about whether it is going to be a cold winter in Chicago, you know, 
or too much rain in San Diego, these are related to what the ocean 
is doing, the memory that the ocean has, and it is very important 
if you are going to do a 100 year run that you have an adequate 
ocean model. 

A very prominent French physical oceanographer told me re- 
cently — fortunately, he is quite young — that he hopes that before 
he dies, the ocean models used by these global climate models rep- 
resents something that he knows that’s in the real ocean. 

Anyway, my opinion is that to Canadian model is very flawed 
and should never have been used. Even when it was first distrib- 
uted to the team across the United States, the data was rep- 
resented incorrectly geographically, and the attitude was, well, 
maybe that is not real important. I have no knowledge whether 
they actually ever fixed it up. 

You know, I enjoy learning about climate variability over the 
United States, such as floods, droughts, freezes, and hurricanes. I 
don’t have time to go into what our studies have shown us, but for 
the average citizen, you know, they are wondering about the varia- 
bility in climate. Okay? Is it different than, you know, my grand- 
father told me about? Is my experience different? 

They are not really interested in whether the average tempera- 
ture is going to rise 3 to 5 degrees Fahrenheit in 100 years. They 
are interested in is winter going to be colder than normal and 
many other things. 

For example, one of the things I discovered early on the Cana- 
dian model is they didn’t have El Ninos in it. Now I was told it 
is in there, but I have looked at the data. I am an expert in that, 
and I couldn’t find any sign of it, and I cannot imagine any climate 
model that we are going to run for 100 years that doesn’t have 
some robust signal of the way that our climate variability is chang- 
ing on year to year and decadals. 

In the Hadley model, you see that, but you don’t see that in the 
Canadian model. We are three State climatologists here today, and 
another one from the State of Alabama, Dr. John Christie, says 
that he believes that the Canadian model was modeling another 
planet than this one. 

Okay. Can we do better? I think we can really do better, and I 
actually have some very good news. Yesterday when I came, some- 
one delivered to me a testimony of James Mahoney, who is now the 
Assistant Secretary of Commerce for Ocean Atmospheres, and he 
on July 11 this year before the Committee on Commerce, Science 
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and Transportation of the U.S. Senate had delivered this paper 
which I can add into the record. 

In just part of it he says that uncertainties in climate models ad- 
dress exactly what we are talking about. It says the poor regional 
performance of current general circular models severely restricts 
the examination of potential global climate influence on key re- 
gional systems. I am so delighted that at very high level in govern- 
ment that that is now understood. 

I am going to conclude now and just say that I believe global cli- 
mate change would occur. I am not convinced that we are going to 
see it in terms of surface temperature increase or sea level in- 
crease. It will change. We need to address what to do. 

In my outline I have indicated that we need a new Manhattan 
type project. We need an institute outside the government, labs in 
the government, where we hire the best managers, the best sci- 
entists, and give them finally decent computers so they can do the 
job correctly and make adequate American models. 

There is a model like this, sir. The model is the European Centre 
model for medium range weather prediction where the European 
nations got together and formed a center which is physically in 
Britain but has members all over. I think nobody will disagree in 
this room that they give the best week-long weather forecasts of 
anyplace. The reason they do is because of a unique way it is man- 
aged — good managers that don’t stay there for lifetimes, good sci- 
entists that stay 5 to 10 years and then go to their home countries, 
and the best computers in the world for doing the problem right. 

The technical director of the Center for European Centre for Me- 
dium Weather Prediction, a good Irishman like me, recently said 
to General Kelly, the head of the Weather Service — He says, Gen- 
eral Kelly, we are two decades ahead of you now; why don’t you 
just buy our results and shut down the operation. 

Thank you very much. 

[The prepared statement of James J. O’Brien follows:] 

Prepared Statement of James J. O’Brien, Robert O. Lawton Distinguished 

Professor, Meteorology and Oceanography, The Florida State University 

INTRODUCTION 

I have been a physical scientist in oceanography and meteorology for 40 years. 
In my early years, my graduate students and postdocs concentrated primarily on 
modeling time dependent ocean motions. In the late 1970’s and 1980’s, we contrib- 
uted to the physical understanding of El Nino. Namely, how it works and how it 
can be forecast. 

In the 1990’s, while most other scientists were applying ENSO forecasts to trop- 
ical countries, my students and I have concentrated on impacts in the United 
States. We have written papers on: ENSO and Atlantic Hurricanes; ENSO and Tor- 
nadoes; ENSO and Precipitation; ENSO and Temperature; ENSO and Wild Fires (In 
Florida); ENSO and Snowfall; ENSO and Excessive Wind Events; ENSO and Great 
Lakes Snow Events; and ENSO and Freezes in Central Florida. 

In 1999, I accepted the pro bono job as official State of Florida Climatologist. We 
have been advising the Florida Commissioner of Agriculture on wild fire forecasts, 
droughts, hurricanes, etc. We provide climate advice to the citizens of Florida for 
all sectors, but, particularly agriculture, forestry, fisheries, tourism and power gen- 
eration. 

In some local circles, I am labeled, Dr. El Nino for my research. 

Turning now to the National Regional Assessment of Climate Change, I was the 
Co-Chair for the Southeast Regional Assessment. (My Co-Chair, Dr. Ron Ritschard, 
recently died at a young age). Our work was funded by NASA, Huntsville, Alabama. 



37 


In the early beginnings of the National Regional Assessment, the entire U.S. team 
met and we agreed there would be “ONE” Global CO 2 doubling model so everyone 
referring to future projections would be on the same page. There were two choices: 
(1) The Hadley, (British model), or (2) The Max Planck (German model). The Hadley 
model was selected. Subsequently, I attended a meeting of the U.S. National Re- 
source Board Committee on Climate. Many senior scientists were shocked that there 
was no American models. In due time, a very new recent model, the Canadian 
Model was added for our use. It was recently computed so no documentation or re- 
sponse of this model was available to the assessment teams. 

In my opinion, the Hadley model is a state-of-the-art model with poor resolution, 
inadequate physics — particularly, the ocean component. The Hadley Model gives 
reasonable projections, but it is still flawed and I am sure that, in due time, will 
be improved. As better ocean models are improved in climate models, the future 
changes are greatly reduced. 

The Canadian’s model is flawed, and, in my opinion, should never have been used. 
My effort to capture the attention of the leaders to recognize this were rejected out- 
right. My team discovered that, initially, the data provided to the team had been 
incorrectly registered with respect to the geography of the U.S. Since the model has 
horizontal grid boxes around 500 km on a side, being set off by one grid, really con- 
fuses geographic identification. (As an aside, I do not know if this was fixed, but 
I was told it can’t make any difference). 

I really enjoy learning about climate variability over the United States, such as 
droughts, floods, freezes, hurricanes, etc. For the citizen for whom climate is impor- 
tant, it is the variability which matters! It is not whether the average temperature 
will rise 3-5 °F in 100 years. The citizen wants to know “Is this winter going to be 
colder than normal?” and other simple questions. I discovered that we could not find 
ENSO variability in the ocean model of the Canadian model. I was told it was there, 
but it makes no difference if it is too small. 

Mr. Chairman, the variability of climate over most of the United States is pri- 
marily controlled by ENSO and other ocean-related phenomena (North Atlantic Os- 
cillation, and the Pacific Decadal Oscillation) and land use changes. I cannot accept 
a 100 year climate run as useful if it doesn’t also include the observed variability 
in the climate system. 

What is the climate system? It is the entire atmosphere, ocean, land, ice systems 
which are heated by the sun. The chemistry of global climate change is completely 
correct. We have an excellent scientific understanding of how radiatively-active 
gases such as carbon dioxide, methane and water vapor can delay heat in the cli- 
mate system. There is an assumption that this extra heat will manifest itself in 
raising the temperature of the biosphere — that portion of the climate system in 
which we humans live. The data measured from the actual climate system seems 
to indicate other processes are dominate, such as stronger mid-latitude storms 
which are important for distributing the extra heat. In my opinion, even the current 
models are not capable in calculating the climate system well enough for policy- 
makers to believe in any projection. 

Can we do it better? I believe we can, but it will take a new effort and consider- 
able investment. We know most of the physics of the climate system. In order to 
calculate the variability of the system, we need adequate computers. We need the 
kind of investment in computers that the Congress funds to DOD, NSF, NSA, etc. 

I propose a “Manhattan Type Project” to estimate future climate variability for 
our National Security. Any future climate change will probably require trillions of 
dollars to adjust our culture or mitigate the consequences. My vision is a NEW In- 
stitute, outside the government with top management, the best scientists and ade- 
quate resources. My estimate is $50M/year for at least 10 years. 

When I suggest this, OMB folks usually ask me, “Dr. O’Brien, where are we going 
to find that money?” My answer is, “Give us 2 attack helicopters” monies, and we 
will be happy for a few years. Give us a fighter jet monies, we will be very happy 
for a few years. Give us an aircraft carrier monies, and we will never ask for any 
more resources”. The Congress has to decide on the priorities. Do we want to under- 
stand the future climate or not? 

Returning to my belief, that we can do better in modeling climate, I am encour- 
aged that each generation of climate change modeling gets better. The original CO 2 - 
doubling model by NASS,GISS under the leadership of Dr. Jim Hansen, estimated 
around 10 °F surface temperature change by 2050. This was so dramatic because no 
ocean was included. I remember reading in the Tallahassee Democrat, a story that 
said, as a result of the GISS model, that sea-level would rise 3 meters or 7-10 feet 
by 2050. The current IPCC estimates a few degrees temperature rise by 2100 and 
a doubling of the current sea-level rise of around 8-10 inches to 20 inches as the 
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worst case by 2100. Certainly, policymakers will react differently to plan for a two 
feet rise in 100 years vs. 10 feet rise in a generation. 

Let me provide one more remark on sealevel rise. In order to double sealevel, one 
would expect to observe an increased rate of rise by 2002. Everyone agrees that the 
current average rise is about 7-10 inches a century, averaged over the globe. How- 
ever, the experts who have tried to find any acceleration find none. 

How about global warming in the United States? I will leave this subject to my 
fellow climatologist, Dr. Tom Karl. I am, however, the State Climatologist of Flor- 
ida. In Florida, the cities are warming at the rate of about one degree in the entire 
20th century. But the rural places are cooling at the rate of more than one degree 
per century. I have included some graphics in my presentation documenting this for 
minimum temperature over the entire 20th Century. What is happening? My fellow, 
State Climatologist, from Colorado, Dr. Roger Pielke, Sr., explains this by land use 
changes. Dr. Karl has published work showing the cooling in the Southeast United 
States, but unfortunately, the summary of average temperature in Florida in the 
last century, in the S.E. Assessment summary, shows Florida warmer than the 
rural data would dictate. 

Finally, the ocean part of the global climate system models are very inadequate. 
The research community is aware that warm and cold ocean currents are very im- 
portant in predicting the weather even for 10 days. It is critical to model the oceans 
correctly if a global climate model is expected to work at all. A young French ocean 
modeler said to me recently, “I hope that the ocean models used by global climate 
models look like the real ocean before I die!” 

There are hundreds of scientists other than climate modelers that have been told 
the Hadley and Canadian models are good projections of the future. This is a shame. 
When I joined the U.S. National Assessment Team as Co-Chair of the Southeast Re- 
gional Assessment, a bright young EPA ecologist from Louisiana reported to me that 
the number of hurricanes in the Gulf of Mexico were increasing due to global warm- 
ing. I was unaware of this. Consequently, my students and I did a study. We found, 
that, in fact, the number of hurricanes have decreased significantly in the Gulf of 
Mexico. This is a published paper. 1998: Are Gulf Hurricanes Getting Stronger? 
Bull. Amer. Meteorol. Soc., 79(7), pp. 1327-1328 (with Bove, M.C., and D. F. 
Zierden). 


CONCLUSION 

Global climate changes will occur. Whether surface temperatures will increase 
due to radiatively-active emissions is not clear. The Global Climate System must 
change. In order to address what the nation needs to do, I recommend a large in- 
vestment in improving the basic understanding by investing in very good global cli- 
mate system calculations. 
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Mr. Greenwood. Thank you. My staff said it sounds like a field 
hearing. We will have to go over to Europe and take a look at that. 
Dr. Pielke. 


TESTIMONY OF ROGER A. PIELKE, SR. 

Mr. Pielke. Yes, Mr. Chairman, members of the committee, 
thank you for the opportunity to present testimony. I received my 
PhD and Master’s degree from Penn State in the Department of 
Meteorology, and since the 1960’s my research has focused on 
weather and climate studies using both models and observations. 

In my testimony I would like to convey two main points: First, 
that the perspective I am presenting today does not easily fit into 
the conventional two-sided debate over climate change. This third 
perspective, as I have written elsewhere, suggests that humans 
have an even greater impact on climate than is suggested by the 
international and national assessments. 

The human influence on climate is significant and multi-faceted. 
However, any attempt to accurately predict future climate is fun- 
damentally constrained by the significant and multi-faceted charac- 
teristics of the human influence on climate. By focusing on 
vulnerabilities rather than prediction as a focus of research, I be- 
lieve that the scientific community can provide more comprehen- 
sive and likely more useful information to decisionmakers. 

These points are consistent with the American Association of 
State Climatologists Policy Statement on Climate Variability and 
Change which was approved on October 25, 2001, and I will read 
part of that statement: 

“Our statement provides the perspective of our Society on issues 
of climate variability and change. Since the Society members work 
directly with users of climate information at the local, State and re- 
gional levels, it is uniquely able to put global climate issues into 
the local perspective which are needed by users of climate informa- 
tion. Our main conclusions are as follows: 

“First, past climate is a useful guide to the future. Assessing past 
climate conditions provides a very effective analysis tool to assess 
societal and environmental vulnerability to future climate, regard- 
less of the extent the future climate is altered by human activity. 
Our current and future vulnerability, however, will be different 
than in the past, even if the climate were not to change, because 
society and the environment change as well. Decision makers need 
assessments of how climate vulnerability has changed. 

“Two, climate prediction is complex with many uncertainties. The 
AASC recognizes climate prediction is an extremely difficult under- 
taking. For time scales of a decade or more, understanding the em- 
pirical accuracy of such predictions, called verification, is simply 
impossible, since we have to wait a decade or longer to assess the 
accuracy of the forecasts.” 

In the remainder of my 5 minutes I will discuss one example of 
the scientific basis that underlie the statement. Greater detail is 
available in the peer reviewed scientific publications that are listed 
at the end of my written testimony. 

A fundamental basis of the U.S. National Assessment is the use 
of the Canadian and Hadley Centre General Circulation Models to 
project the future state of the climate as the basis for discussion 
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of climate impacts and ultimately alternative courses of action by 
decisionmakers. The perspective I offer here suggests that in rely- 
ing on GCMs to, in effect, bound the future state of the climate, 
the U.S. National Assessment may have had the effect of under- 
estimating the potential for change and overestimating our ability 
to accurately characterize such changes with computer models. 

The hypothesis for using these models is that including human 
caused increases of carbon dioxide and other greenhouse gases and 
aerosols in the models are sufficient to predict long term effects on 
the climate of the United States. The position presented here is 
that such forcings are important, but a subset of those needed to 
develop plausible projections, and even if all the forcings were in- 
cluded, accurate long term prediction would remain challenging, if 
not impossible. 

To test the hypothesis that GCMs can accurately project climate, 
it is possible to compare model performances with observed data 
for the period 1979-2000. One test is the ability of the model to pre- 
dict the averaged temperatures of the earth’s atmosphere over this 
20-year period. Such a test is a necessary condition for regional 
projection skill, since if globally averaged long term changes cannot 
be skillfully projected, there will necessarily be no regional skill. 

During this period, for example, at around 18,000 feet above sea 
level, the Canadian GCM projects a 0.7 degree C warming of the 
global averaged temperature. The Hadley Centre model also has 
atmosphere warming for this time period. The observations, in con- 
trast, have no statistically significant change in these averaged at- 
mospheric temperatures. 

Thus, either the models or the observations must be incorrect. 
Both cannot be correct. Since, for the 1979-2000 time period, sat- 
ellite, radiosonde and National Center for Environmental Pre- 
diction model reanalyses each agree closely with respect to global 
averages, the observations should be interpreted as our best esti- 
mate of reality. 

The scientific evidence, therefore, is that the models have failed 
to replicate the actual evolution of atmospheric temperatures over 
the time period 1979-2000. Thus using the results of these models 
as the basis for assessments, much less for particular decisions, for 
the next several decades is not justified. Such models clearly have 
usefulness as scientific tools with which to conduct sensitivity ex- 
periments, but it is important to not overstate their capabilities as 
predictive tools. 

One major reason for this difficulty is the absence and/or inad- 
equate representation of significant human caused forcing of the 
climate. These include land use changes over time, the effect of 
aerosols on clouds and precipitation, and the biogeochemical effect 
of carbon dioxide. The Intergovernmental Panel on Climate itself 
concludes that there is a very low level of scientific understanding 
of these forcings. 

The importance of one of these effects can be illustrated by a just 
published paper of the influence of human caused land use change 
on the global climate. Even with a conservative estimate of land 
use change, the global redistribution of heat and the effects on re- 
gional climate is at least as large as simulated by the existing 
GCM simulations. However, even when these forcings are included, 
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the complex interactions among the components of the climate sys- 
tem will likely limit our ability to skillfully predict the future. In- 
deed, we cannot even predict with any skill beyond a season in ad- 
vance, and then only under special situations such as an evolving 
El Nino. 

As a result, we have — There is a new book that is coming out by 
the International Geosphere-Biosphere Programme titled “Vegeta- 
tion, Water, Humans and the Climate,” and there is a chapter in 
there which talks about how to evaluate the vulnerability in chang- 
ing environmental conditions. 

This chapter basically proposes that we start first from an as- 
sessment of vulnerability. Only at that point do we bring in these 
other tools, such as GCM models, historical record, and so forth. 

Even the IPCC, I am told by some colleagues, is starting to em- 
brace a greater focus on vulnerability, and several U.S. programs, 
most notably the Regional Integrated Science and Assessments pro- 
gram of NOAA, have also acknowledge the importance of vulner- 
ability as a scientific organizing theme. 

Let me conclude by saying I wish to underscore that the inability 
of the U.S. National Assessment models to skillfully predict climate 
change does not mean that the radiative effect of anthropogenic 
greenhouse gases on climate is not important, nor does it suggest 
which policy responses to the issues of climate change make the 
most sense. 

Such matters of policy go well beyond any discussion of the 
issues of science and well beyond the information presented in my 
testimony today. 

Effective mitigation and adaptation policies in the context of cli- 
mate variability and change do not depend on accurate prediction 
of the future and, consequently, a lack of ability to generate accu- 
rate predictions should not be used as a justification to ignore the 
policy challenges presented by climate. Too often, debate over cli- 
mate substitutes for debate over policy. 

Thank you. 

[The prepared statement of Roger A. Pielke, Sr. follows:] 

STATEMENT OF PROFESSOR ROGER A. PIELKE, SR. 

Mr. Chairman, Members of the Committee, thank you for the opportunity to present 
testimony on “The U.S. National Climate Change Assessment: Do the Climate Models 
Project a Useful Picture of Regional Climate?” 

I am a Professor of Atmospheric Science at Colorado State University. I am also 
State Climatologist for Colorado and President-Elect of the American Association of 
State Climatologists. I received my M.S. and Ph.D. from Pennsylvania State University 
in the Department of Meteorology. Since the 1960s, my research focuses on weather and 
climate studies using models and observations. 

In my testimony I’d like to convey the following two points: 

1 . The perspective I am presenting today does not easily fit into the conventional 
two-sided debate over climate change. This third perspective, as I have written 
elsewhere, “suggest[sj that humans have an even greater impact on climate than is 
suggested by [international and national assessments]. The human influence on 
climate is significant and multi-faceted.” 1 


1 Pielke Sr., R.A., 2001 : Comments on "IPCC report cautiously warns of potentially dramatic climate 
change impacts.” EOS, 84, 394, 396. 
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2. Any attempt to accurately predict future climate is fundamentally constrained by 
the significant and multi-faceted characteristics of the human influence on 
climate. By focusing on vulnerabilities rather than prediction as a focus of 
research, I believe that the scientific community can provide more comprehensive 
and likely more useful, information to decision makers. 

These points are consistent with the American Association of State Climatologists 
Policy Statement on Climate Variability and Change which was approved on October 25, 
2001. The American Association of State Climatologists is a professional scientific 
organization composed of state climatologists lone per state), directors of the six 
Regional Climate Centers of the National Oceanic and Atmospheric Administration 
within the Department of Commerce, and associate members who are persons interested 
in the goals and activities of the Association. State Climatologists are individuals who 
have been identified by a state entity as the state's climatologist and who are also 
recognized by the Director of the National Climatic Data Center of the National Oceanic 
and Atmospheric Administration as the state climatologist of a particular state. 

State Climatologists currently exist in 47 states and Puerto Rico. They are 
typically either employees of state agencies or are staff members of state-supported 
universities. Associate members may be assistant state climatologists or other 
climatologists under the employ of the state climatologist; representatives of federal 
climate agencies; retired state climatologists; or others interested in climate services. The 
total membership of the Association is approximately 1 50. 


AASC Policy Statement on Climate Variability and Change 

Our statement provides the perspective of the AASC on issues of climate variability 
and change. Since the AASC members work directly with users of climate 
information at the local, state and regional levels, it is uniquely able to put global 
climate issues into the local perspective needed by the users of climate information. 
Our conclusions are as follows: 

1. Past climate is a useful guide to the future - Assessing past climate conditions 
provides a very effective analysis tool to assess societal and environmental 
vulnerability to future climate, regardless of the extent the future climate is 
altered by human activity. Our current and future vulnerability, however, 
will be different than in the past, even if climate were not to change, because 
society and the environment change as well. Decision makers need 
assessments of how climate vulnerability has changed. 

2. Climate prediction is complex with many uncertainties - The AASC 
recognizes climate prediction is an extremely difficult undertaking. For time 
scales of a decade or more, understanding the empirical accuracy of such 
predictions - called “verification” - is simply impossible, since we have to 
wait a decade or longer to assess the accuracy of the forecasts. 

Climate prediction is difficult because it involves complex, nonlinear interactions 
among all components of the earth’s environmental system. These components 
include the oceans, land, lakes, and continental ice sheets, and involve physical, 
biological, and chemical processes. The complicated feedbacks and forcings within 
the climate system are the reasons for the difficulty in accurately predicting the 
future climate. The AASC recognizes that human activities have an influence on the 
climate system. Such activities, however, are not limited to greenhouse gas forcing 
and include changing land use and sulfate emissions, which further complicates the 
issue of climate prediction. Furthermore, climate predictions have not 
demonstrated skill in projecting future variability and changes in such important 
climate conditions as growing season, drought, flood-producing rainfall, heat waves, 
tropical cyclones and winter storms. These are the type of events that have a more 
significant impact on society than annual average global temperature trends. 
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1. Policy responses to climate variability and change should be flexible and 
sensible - The difficulty of prediction and the impossibility of verification of 
predictions decades into the future are important factors that allow for 
competing views of the long-term climate future. Therefore, the AASC 
recommends that policies related to long-term climate not be based on 
particular predictions, but instead should focus on policy alternatives that 
make sense for a wide range of plausible climatic conditions regardless of 
future climate. Climate is always changing on a variety of time scales and 
being prepared for the consequences of this variability is a wise policy. 

2. In their interactions with users of climate information, AASC members 
recognize that the nation’s climate policies must involve much more than 
discussions of alternative energy policies - Climate has a profound effect on 
sectors such as energy supply and demand, agriculture, insurance, water 
supply and quality, ecosystem management and the impacts of natural 
disasters. Whatever policies are promulgated with respect to energy, it is 
imperative that policy makers recognize that climate - its variability and 
change - has a broad impact on society. The policy responses should also be 
broad. 

Thus, to address the issues of climate variability and change, modernizing and 
maintaining high quality long-term climate data must be a high priority in order to 
permit careful monitoring. With the rapid dissemination of these data, State 
Climate Offices, as well as the Regional Climate Centers, and the National Climatic 
Data Center can better monitor emerging climate threats to critical national 
resources, such as our water supply, agriculture, and energy needs. The climate data 
must include all-important components of the climate system (e.g., temperature, 
precipitation, humidity, and vegetation health and soil moisture). We also 
recommend that the nation strengthen its local, state, and regional climate services 
infrastructure in order to develop greater support capabilities for those decision 
makers who have to respond to climate variability and change. 

Finally, ongoing political debate about global energy policy should not stand in the 
way of common sense action to reduce societal and environmental vulnerabilities to 
climate variability and change. Considerable potential exists to improve policies 
related to climate; the AASC is working to turn that potential into reality. 


In the remainder of my testimony, I will provide several examples of the scientific 
basis that underlie the AASC Statement. Greater detail is available in the peer-reviewed 
scientific publications that are listed at the end of my testimony. 

A fundamental basis of the U.S. National Assessment is the use of the Canadian 
and Hadley Centre General Circulation Models (GCMs) to project the future state of the 
climate as the basis for discussion of climate impacts and ultimately alternative courses 
of action by decision makers. The perspective I offer here suggests that in relying on 
GCMs to, in effect, bound the future state of the climate, the U.S. National Assessment 
may have had the effect of underestimating the potential for change and overestimating 
our ability to accurately characterize such changes with computer models. 

The hypothesis for using these models is that including human caused increases of 
carbon dioxide and other greenhouse gases and aerosols in the models are sufficient to 
predict long-term effects on the climate of the United States. The position presented here 
is that such forcings are important, but a subset of those needed to develop plausible 
projections, and even if all forcings were included, accurate long term prediction would 
remain challenging, if not impossible. 
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To test the hypothesis that GCMs can accurately project climate, it is possible to 
compare model performances with observed data for the period 1979-2000. One test is 
the ability of the model to predict the averaged temperatures of the Earth’s atmosphere 
over this 20-year period. Such a test is a necessary condition for regional projection skill, 
since if globally averaged long term changes cannot be skillfully projected; there will 
necessarily be no regional skill. During this period, for example, at around 18,000 feet 
above sea level, the Canadian GCM projects a 0.7° C warming of the global averaged 
temperature." The Hadley Centre model also has atmosphere warming for this time 
period. The observations, in contrast, have no statistically significant change in these 
averaged atmospheric temperatures, 2 3 Thus, either the models or the observations must be 
incorrect; both cannot be correct. Since, for the 1979-2000 time period, satellite, 
radiosonde and National Center for Environmental Prediction model reanalysis each 
agree closely with respect to global averages, the observations should be interpreted as 
our best estimate of reality. 
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2 The Canadian Climate Model results can be obtained from 
http://vAvw.cccma.bc.ec.gc.ca/data/cgcm2/cgcm2.shtml . 

3 Figures 1 and 2 shown were plotted by Dr. Thomas Chase of the University of Colorado. 
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The scientific evidence, therefore, is that the models have failed to replicate the 
actual evolution of atmospheric temperatures over the time period 1979-2000. Thus 
using the resuits of these models as the basis for assessments, much less for particular 
decisions, for the next several decades is not justified. Such models clearly have 
usefulness as scientific tools with which to conduct sensitivity experiments, but it is 
important to not overstate their capabilities as predictive tools 

Moreover, there are overlooked issues concerning the spatial representativeness of 
the surface land data. The National Climate Data Center (NCDC) under the leadership of 
Tom Karl has contributed significantly to develop representative data sets, but as yet 
there has been no attempt within the scientific community to incorporate regional and 
local land use change, except urbanization effects, into these data sets. 4 Even with 
urbanization, there is no adjustment for the different effect on temperatures depending on 
the geographic location. Denver, for instance has a distinct different effect on local 
temperature variations than Washington D.C. 

The temperature measuring sites themselves have not been investigated to 
determine their exposure to the air, and whether local biases are affecting the 
temperature. In eastern Colorado, for example, several of the Historical Climate 
Reference sites 5 have exposure which would result in a non-spat»ally representative 
warming. As an example, Figure 3 shows that one of the sites is located adjacent to the 
south face of a brick building next to an air conditioner unit. Since this data is part of the 
U.S. Historical Climate Network it presumably has been used in the construction of the 
global surface analysis which is the basis for the claim of global averaged surface 
warming. 



The GCM projections clearly have difficulty capturing the actual evolution of 
the Earth’s climate system. 

One major reason for this difficulty is the absence and/or inadequate 
representation of significant human caused forcing of the climate. These include land use 
changes over time, the effect of aerosols on clouds and precipitation, and the 
biogeochemical effect of carbon dioxide. The Intergovernmental Panel on Climate 
(IPCC), itself, concludes that there is “a very low level of scientific understanding” of 
these forcings. 6 

4 See, for example, Pielke et al. (1999: The influence of anthropogenic landscape changes on weather in 
south Florida. Mon. Wea. Rev., 127, 1663-1673). Surface warming has been observed in south Florida in 
July and August since the early 1 900s. The observed warming, however, could be explained by land use 
change alone. The land use change that occurred include the conversion of marshes and wetlands to 
agricultural, grazing and suburban landscapes. 

5 The U.S. Historical Climate Network sites are listed at the web site 
ftp.7/ftp. ncdcnoaa. gov/pub/data/ushc n/stalion. inventory, z 

6 See Figure 3 from IPCC 2001 : Summary for Policymakers. A Report of Working Group lof the 
Intergovernmental Panel on Climate Change (available at: http: www.incc.clv ) 
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The importance of one of the effects can be illustrated by a just published study of 
the influence of human-caused landuse change on the global climate. 7 Even with a 
conservative estimate of land use change the global redistribution of heat is at least as 
large as simulated by the existing GCM model projections. As an example, Figure 4 
illustrates the near surface 10-year averaged 
January temperatures that resulted from this 
simulation study. 

A model comparison of the regional 
effect of landuse change on the thunderstorms 
in the central Great Plains is shown in Figure 
5. In the top Figure the current landscape is 
applied in the model. In the bottom Figure, the 
natural short grass prairie is imposed. A major 
effect on weather clearly results. 

Even when these forcing are included, 
however, the complex interactions among the 
components of the climate system will likely 
limit our ability to skillfully predict the future. ***" 5 

Indeed, we cannot even predict with any skill beyond a season in advance, and then only 
under special situations such as an evolving El Nino. 

The inherent limitations on predicting future climate has lead the International 
Geosphere-Biosphere Programme to conclude their new book entitled “Vegetation. 
Water, Humans and the Climate: A New Perspective on an Interactive System. A 
Synthesis of the 1CBP Core Project, Biospheric Aspects of the Hydrologic Cycle” with a 
chapter entitled “ How to evaluate the vulnerability in changing environmental 
conditions. " That chapter proposes an approach to environmental assessment focused 
on vulnerability which first seeks to identify the exposure of human and environmental 
systems to human and environmental driven change and variability. After such 
vulnerabilities are assessed, all available tools should be used to create plausible 
scenarios for future societal and environmental outcomes, as a function of alternative 
courses of action. This include the historical record (e.g., what would happen today or in 
10 years, if the weather of the dust bowl years of the 1 930s reoccurred?), the paleo-record 
(e.g., what would occur if the megadrought of the 16 Ifl Century happened again?), 
synthetic analysis (e.g., connecting the most serious drought years of the last 100 years 
into a consecutive ten year period), and plausible GCM simulation results in which all 
important feedbacks and forcings are included. In this vulnerability framework, GCMs 
play an important role in science and assessment but can not be depended on to 
accurately define the entire range of possible future conditions. The Intergovernmental 
Panel on Climate Change, I have been told by colleagues, is embracing a greater focus on 
vulnerability and several U.S. programs, most notably the Regional Integrated Science 
and Assessments (or RISA) program of NOAA, have also acknowledged the importance 
of vulnerability as a scientific organizing theme. 


7 Pielke Sr., R.A., G. Marland. R.A. Betts, T.N. Chase, J.L. Eastman, j.O, NUes. D. Niyogi, and $. 

Running, 2002: The influence of land-use change and landscape dynamics on the climate system- relevance 
to climate change policy beyond the radiative effect of greenhouse gases. Phil. Trans. A, Special Theme 
Issue, in press. 
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Finally, I wish to underscore that the inability of the U.S. National Assessment 
models to skillfully predict climate change does not mean that the radiative effect of 
anthropogenic greenhouse gases on climate is not important. Nor does it suggest which 
policy responses to the issue of climate change make the most sense. Such matters of 
policy go well beyond any discussion of the science of climate and well beyond the 
information presented in my testimony presented today. 

Effective mitigation and adaptation policies in the context of climate variability 
and change do not depend on accurate prediction of the future, and consequently a lack of 
ability to generate accurate predictions should not be used a justification to ignore the 
policy challenges presented by climate. Too often debate over the science substitutes for 
debate over policy. 


List of Figures 

Figure 1 : Canadian GCM projection of surface and 500 mb temperature for the period 
1979-2000. Plot prepared by Dr. Thomas Chase from data at 
http://www.cccma.bc.ec.gc.ca/data/cgcm2.cgcm2.shtml 

Figure 2: Observations of global temperature anomalies from surface, satellite, 
rawindsonde and model reanalysis for the period 1 979-2000. Plot prepared by Dr. 

Thomas Chase. Data are from http:/- www.cru.uea.ac.uk/ (surface; 
http://weather.msfc.nasa.gov/MSU/msusci.html (satellite); http: 7cdiac. esd.oml.gov/ 
(rawindsones); http://dss.ucar.edu/pub (NCEP model reanalysis). 

Figure 3: Fort Morgan Colorado climate observing site. 

Figure 4: From Chase, T.N., R.A. Pielke Sr., T.G.F. Kittel, R.R. Nemani, and S.W. 

Running, 2000: Simulated impacts of historical land cover changes on global climate in 
northern winter. Climate Dynamics, 16, 93-105. 

Figure 5: Model simulation of afternoon weather over the Texas-Oklahoma panhandle 
region for May 15, 1991 with the current landscape (top) and if the natural landscape 
existed instead (bottom). (From Pielke, R.A.. T.J. Lee, J.H. Copeland, J.L. Eastman, C.L. 

Ziegler, and C.A. Finley, 1997: Use of USGS-provided data to improve weather and 
climate simulations. Ecological Applications, 7, 3-21.) 

Mr. Greenwood. Thank you, Dr. Pielke. 

Dr. Michaels. 

TESTIMONY OF PATRICK J. MICHAELS 

Mr. Michaels. Mr. Chairman, I am sitting over here. Dr. 
O’Brien is much more handsome. 

I am a Professor of Environmental Sciences at the University of 
Virginia and past President of the American Association of State 
Climatologists, and I should say my colleague, Roger, is the future 
President. 

I offer you a word of caution on the science about which we base 
our Nation’s policy on global warming. Mr. Chairman, would you 
tell people what was going to happen to the United States tempera- 
ture based upon a table of random numbers? I don’t think so. But 
that is what happened in the assessment on climate change. 

Effects have causes. Our society is currently confronting a poten- 
tially serious effect, the specter of climate change caused by human 
alteration of the atmosphere. We ask scientists to quantify these 
causes and effects. They pursue truth by making hypotheses and 
testing them against reality. In climate science, these hypotheses 
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are computer models. If they are at odds with reality, they only in- 
form bad policy. 

It is absolutely logical to want a scientific assessment of the ef- 
fect of human induced climate variability on the U.S. Coming from 
the University of Virginia, I am commanded, as you know, to refer 
to its founder, Thomas Jefferson. Had he been alive and seen 
changes in the greenhouse effect that we have observed today, he 
would ask scientists what will happen to America’s climate? 

So let’s transport Mr. Jefferson’s scientists in the 19th Century, 
newly minted in the environment, naive, not involved in the polit- 
ical process. What would they do? Well, they would probably learn 
about computer models such as we have today, and then they 
would use those computer models to drive impact of climate change 
on other aspects of our society, our farms, our forests, our water 
supply. 

That is, in a sense, what was used for the methodology for the 
U.S. National Assessment on Climate Change. Now what models 
would they choose? I argue they would find a climate model that 
predicted large changes, one that predicted medium changes, and 
probably a third that predicted small changes. 

In the very real case of the 20th Century National Assessment 
on Climate Change, two models were chosen. The first from the Ca- 
nadian Climate Center, shown here in this Vu-Graph, predicts the 
largest changes of temperature of any of the models considered 
here in the report. 

It is also different than the dozens of other climate models. It is 
against the consensus of climate models, as described by the 
United Nations, because it has an exponential increase in tempera- 
ture, meaning an increase which gets larger and larger in terms of 
rate, as opposed to the average of models. This is from the United 
Nations’ new summary on climate change, which you can see clear- 
ly is a straight line. 

So not only have we chosen the most extreme temperature pre- 
diction, we have chosen one whose mathematical and functional 
form is at variance to the consensus of models. 

The second model used in the Assessment, from Britain’s Hadley 
Center, predicts the largest changes in rainfall. These are the pre- 
cipitation forecasts from the models considered. You can see this is 
at major variance to any of the other consensus models that we 
have. 

Consequently, the very real 20th Century scientists, as opposed 
to our 19th Century hypothetical scientists, chose the most extreme 
forecasts to guide our national assessment. I would bet our 19th 
Century scientists would ask another question: Do these models 
work? And they would test them, and they would discover that 
both the Hadley and the Canadian models chosen by the 20th Cen- 
tury counterparts were worse than a table of random numbers 
when applied to United States temperatures. 

At this point, I believe the 19th Century scientists would have 
stopped and said we do not have the tools to forward project cli- 
mate. They might have said, perhaps we should take a look at how 
U.S. climate has changed as the greenhouse effect has changed and 
as global temperatures have changed. 
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The very real 20th Century assessment teams was informed in 
the review process about this problem with the models. IN public 
comments, it was swept aside with a statement that United States 
temperatures are warming, model temperatures are warming and, 
therefore, everything is fine. 

In fact, the Canadian model predicts recent years to be 2.7 de- 
grees warmer than the years in which the Canadian model starts. 
The observed change in U.S. temperature is .9 degrees, a 300 per- 
cent error. 

Random numbers are not plausible scenarios. It is no longer 
science when our results are worse than random numbers. It is 
mathematical philosophy. It is scenario building, but it is not 
science. Mr. Chairman, whatever is based upon models that do not 
better than random numbers is science fiction, glossy, colorful, me- 
ticulous, but fiction. 

Unfortunately, the assessment serves as the basis for sweeping 
legislation on global warming at both the Federal and the State 
levels. Using computer models that demonstrably do not work can 
only inform bad policy. 

The first time I testified on the subject of global warming was 
in February 1889 — yes, it seems like 1889 — 1989 before this very 
Energy and Commerce committee. I stated then that warming was 
likely to be at the lowest end of projected ranges based on a com- 
parison of then existing models and observed temperatures. I stat- 
ed that “our policy should be commensurate with our science.” 

Thirteen years later I am compelled to tell you exactly the same. 
Thank you. 

[The prepared statement of Patrick J. Michaels follows:] 

Prepared Statement of Patrick J. Michaels, Department of Environmental 
Sciences, University of Virginia 

This testimony makes no official representation for the University of Virginia or 
the Commonwealth of Virginia, and is tendered under the traditional protections of 
academic freedom. 

Effects have causes. Confronting our society today is a potentially serious effect, 
climate change, caused by human influence on our global atmosphere. 

The quantitative tools of mathematics and science are what we use to inform ra- 
tional analysis of cause and effect. Science, in particular, obeys a rigid standard: 
that the tools we use must be realistic and must conform to observed reality. If they 
do not, we modify or abandon them in search of other analytical methods. Whenever 
the federal government releases a comprehensive science report, the public natu- 
rally assumes that it has passed these tests. The documents we will discuss today 
failed those tests. This failure was ignored in the public review process. 

There is no doubt that the issue of climate change rightly provokes private citi- 
zens and our government to ask what its potential effects might be on the United 
States. That was the purpose of the recent report Climate Change Impacts on the 
United States: The Potential Consequences of Climate Variability and Change. This 
document is often called the “U.S. National Assessment” (USNA) of climate change. 
This report forms much of the basis for Chapter 6 of the U.S. Climate Action Re- 
port — 2002, a chapter on “Impacts and Adaptation” to climate change. 

The USNA began with a communication from President Clinton’s National 
Science and Technology Council (NSTC), which was established in 1993. According 
to the USNA, “This cabinet-level council is the principal means for the President 
to coordinate science, space and technology policies across the Federal Government.” 
“Membership consists of the Vice President [A1 Gorel, the Assistant to the President 
for Science and Technology, Cabinet Secretaries and Agency heads . . .” The Council 
is clearly a political body (“coordinating. . .policies”) rather than a scientific one. 

This NSTC was, in turn, composed of several committees, including the Com- 
mittee on Environment and Natural Resources, chaired in 1998 by two political ap- 
pointees, D. James Baker and Rosina Bierbaum. Baker developed a further sub- 
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committee of his committee, the Subcommittee on Global Change Research, to “pro- 
vide for the development ... of a comprehensive and integrated . . . program which 
will assist the Nation and the world to understand, assess, predict [emphasis 
added], and respond to human-induced and natural processes of global change.” Ul- 
timately, this resulted in the selection of the National Assessment Synthesis Team 
(NAST). 

NAST was confronted with a daunting task, detailed in the schematic below. The 
chain of cause and effect begins with industrial activity and the combustion of com- 
pounds that alter the atmosphere’s radiative balance. These are then distributed 
through the atmosphere. These affect the climate of the United States. Then, those 
changes in climate are input to a subsidiary series of computer models for forest 
growth, agriculture, etc. 

Chain of Causation 

(Current Understanding) 



70% x 0% x 50% x 50% = 0% 

An understanding of the effects of climate change on the United States requires 
that there be no substantially weak links in this catena. As an example of a rel- 
atively strong link, I would estimate that we understand about 70 percent of the 
changes in atmospheric carbon dioxide that result from human activity. The reason 
this number is not 100 percent largely stems from the fact that the current con- 
centration of carbon dioxide seems low, given the amount emitted and assumptions 
about how it distributes through the atmosphere and the biosphere, and how it 
eventually returns to the soil and the ocean bottom. 

There are two main ways to assess the most important of these linkages, which 
is between “Atmospheric Changes” and “Climate Changes in the United States.” 
One involves the use of computer simulations, known as General Circulation Models 
(GCMs) to estimate how climate changes as a result of atmospheric alterations. An 
alternative method for assessment is described on page 10 of this Testimony. 

There are literally dozens of GCMs currently available, and the USNA considered 
a subgroup of these models. Eventually, they selected two, the Canadian Climate 
Centre model, acronymed CGCM1, and another from the United Kingdom Meteoro- 
logical Office, known as HadCM2 1 . The prime outputs of these models that are im- 
portant for the assessment of climate change are temperature and precipitation. 

In using GCMs to project future climate at regional scales, the USNA clearly 
placed itself squarely against the consensus of world climate science. In 2001, the 
United Nations’ Intergovernmental Panel on Climate Change (IPCC) compendium 
on climate change, the Third Assessment Report, states: 

“Despite recent improvements and developments ... a coherent picture of re- 
gional climate change . . . cannot yet be drawn. More co-ordinated efforts are 


1 In 1998, the National Research Council report Capacity of U.S. Climate Modeling to Support 
Climate Change Assessment Activities strongly remonstrated against the use of foreign models 
to assess U.S. climate. According to the NRC, “...it is inappropriate for the United States to 
rely heavily upon foreign centers to provide high-end modeling capabilities. There are a number 
of reasons for this including . . . [the fact that] decisions that might substantially affect the U.S. 
economy might be based upon considerations of simulations . . . produced by countries with dif- 
ferent priorities than those of the United States.” 
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thus necessary to improve the integrated hierarchy of models . . . and apply these 
methods to climate change research in a comprehensive strategy.” 

In other words, even three years after the Assessment team began its report rely- 
ing on GCMs, the consensus of world climate science was that they were inappro- 
priate for regional estimates, such as those required for the United States. 

CHOICE OF EXTREME MODELS 

As shown in the IPCC’s Third Assessment Report of climate change, the average 
behavior of GCMs is to produce a linear (constant) rate of warming over the project- 
able future. In other words, once warming begins from human influence, it takes 
place at a constant, rather than an exponentially increasing rate. 

However, the CGCM1 is an outlier among the consensus of models, producing a 
warming that increases as a substantial exponent. This behavior can be seen in Fig- 
ure la, taken directly from the USNA, in which the CGCM1 clearly projects more 
warming than the others illustrated in the USNA. 

The USNA also illustrates a similarly disturbing behavior for precipitation. Figure 
lb, again taken directly from the USNA, shows that the other model employed, 
HadCM2, predicts larger precipitation changes than the others that are illustrated 
in the USNA. 

A close inspection of Figure la reveals that CGCM1 predicts that the tempera- 
tures in the United States at the end of the 20th century should be about 2.7 °F 
warmer than they were at the beginning, but the observed warming during this 
time, according to the most recent analysis from the National Climatic Data Center, 
is 0.9 °F. CGCM1 is making a 300 percent error in its estimation of U.S. tempera- 
ture changes in the last 100 years. 

My colleague Thomas Karl, Director of the National Climatic Data Center and co- 
chair of the USNA synthesis, explained that the reason CGCM1 was chosen was be- 
cause it was one of only two models (the other was HadCM2) that produced daily 
temperature output, and that this was required to drive some of the subsidiary mod- 
els, such as those for forest impacts. 

Michael MacCracken, Executive Director of the National Assessment Coordination 
Office, told me otherwise. He said that the two models were selected because they 
gave extreme results, and that this was a useful exercise. How the explanations of 
the co-chair and the Executive Director could be so different is still troubling to me. 

THE FAILURE OF THE MODELS 

GCMs are nothing more than hypotheses about the behavior of the atmosphere. 
The basic rule of science is that hypotheses do not graduate into facts unless they 
can be tested and validated against real data. 

As part of my review of the USNA in August 2000, I performed such a test. The 
results were very disappointing. Both CGCM1 and HadCM2 were incapable of simu- 
lating the evolution of ten-year averaged temperature changes (1991-2000, 1990- 

1999, 1989-1998, etc back to 1900-1909) over the United States better than a 

table of random numbers. In fact, the spurious 300 percent warming error in 
CGCM1 actually made it worse than random numbers, a dubious scientific achieve- 
ment, to say the least. 

I wrote in my review: 

“The essential problem with the USNA is that it is based largely on two climate 
models, neither one of which, when compared to the 10-year smoothed behavior 
of the lower 48 states reduces the residual variance below the raw variance of 
the data [this means that they did not perform any better than a model that 
simply assumed a constant temperaturel. The one that generates the most lurid 
warming scenarios — the . . . CGCM1 Model — also has a clear warm bias . . . All 
implied effects, including the large temperature rise, are therefore based upon 
a multiple scientific failure [of both models]. The USNA’s continued use of those 
models and that approach is a willful choice to disregard the most fundamental 
of scientific rules . . . For that reason alone, the USNA should be withdrawn from 
the public sphere until it becomes scientifically based.” 

The Synthesis Team was required to respond to such criticism. Publicly, they de- 
flected this comment by stating that both U.S. temperatures and model tempera- 
tures rose in the 20th century, so use of the models was appropriate! 

This was a wildly unscientific response in the face of a clear, quantitative anal- 
ysis. The real reason for the models’ failure can be found in the USNA itself (Figure 
11 in Chapter 1 of the USNA Foundation document). It is reproduced here as our 
Figure 2. The discrepancies occur because: 

l.U.S. temperatures rose rapidly, approximately 1.2°F, from about 1910 to 1930. 
The GCMs, which base their predictions largely on changes in atmospheric car- 
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bon dioxide, miss this warming, as by far the largest amounts of emissions were 
after 1930. 

2. U.S. temperatures fell, about 1.0°F, from 1930 to 1975. This is the period in 

which the GCMs begin to ramp up their U.S. warming, and 

3. U.S. temperatures rose again about 1.0°F from 1975 to 2000, recovering their de- 

cline between 1930 and 1975. 

It is eminently clear that much of the warming in the U.S. record took place be- 
fore most of the greenhouse gas changes, and that nearly one-half of the “green- 
house era,” the 20th century, was accompanied by falling temperatures over the 
U.S. These models were simply too immature to reproduce this behavior because of 
their crude inputs. 

Despite their remarkably unprofessional public dismissal of a rigorous test of the 
USNA’s core models, the Synthesis Team indeed was gravely concerned about the 
criticism. So much so, in fact, that they replicated my test, not just at 10 year-inter- 
vals, but at scales ranging from 1 to 25 years. 

At the larger time scales, they found the models applicable to global tempera- 
tures. But over the U.S., not surprisingly, they found exactly what I had. The mod- 
els were worse than random numbers. 

It is difficult for me to invoke any explanation other than political pressure that 
would be so compelling as to allow the USNA to continue largely unaltered in this 
environment. And so the USNA was rushed to publication, ten days before Election 
Day, 2000. 

Given the failure of the models when directly applied to U.S. temperatures, there 
were other methods available to the USNA team. One would involve scaling various 
global GCMs to observed temperature changes, and then scaling the prospective 
global warming to U.S. temperatures. The first part of this exercise has been per- 
formed independently by many scientists in recent years, and published in many 
books and scientific journals. It yields a global warming in the next 100 years of 
around 2.9 °F, which is at the lowest limit of the range projected by the IPCC in 
its Third Assessment Report. 

If applied to the United States this would similarly project a much more modest 
warming than appears in the USNA. Perhaps that is the reason such an obviously 
logical methodology was not employed after the failure of the models was discovered 
by a reviewer and then independently replicated by the USNA itself. 

EFFECT OF THE USNA 

This discussion would be largely academic if the USNA were an inconsequential 
document. But, as noted above, it served largely as the basis for Chapter 6 of the 
U.S. Climate Action Report — 2002. Further, it served as the basis for legislative 
findings for S. 556, a comprehensive proposal with extensive global warming related 
provisions, and it was clearly part of the findings for legislation restricting carbon 
dioxide emissions recently passed by the California Legislature. Hardly a week goes 
by without some press reference to regional alterations cited by the USNA. Would 
the USNA have such credibility if it were generally known that the driver models 
had failed? 


SOLVING THE STRUCTURAL PROBLEMS WITH THE USNA 

The USNA synthesis team contains only two individuals who can logically claim, 
in my opinion, to be climatologists. Of the entire 14-member panel, there is not one 
person who has expressed considerable public skepticism about processes that were 
creating increasingly lurid scenarios for climate change with little basis in fact. As 
noted above, the administrative structure that selected the synthesis team was 
clearly directed by political appointees, which no doubt contributed to this imbal- 
ance. 

In my August 2000 review, I wrote: 

“Finally, we come to the subject of bias in selection of USNA participants. There 
are plenty of knowledgeable climatologists, including or excluding this reviewer, 
who have scientific records that equal or exceed those of many of USNA’s par- 
ticipants and managers. They would have picked up the model problem [that 
extreme versions were selected, and that they could not simulate U.S. tempera- 
tures] at an early point and would not have tried to sweep it under the rug. 
Where is Bob Balling? Where is Dick Lindzen? Where are [Roger] Pielke Sr., 
[a participant in this hearing], [Gerd] Weber or [Roy] Spencer?” 

My review was tendered shortly after attending the annual meeting of the Amer- 
ican Association of State Climatologists (AASC) in Logan, Utah, in August 2000. 
The AASC is the only professional organization in the U.S. devoted exclusively to 
climatology. Membership consists largely of senior scientists who are tasked by their 
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states, usually through the state’s major universities, to bring climate information 
and services to the public. Until 1972, the State Climatologists were employees of 
the U.S. Department of Commerce. 

In my review of the USNA I further noted that: 

“Yesterday ... I returned from the annual meeting of the American Association 
of State Climatologists (I am a past president of AASC). There were roughly 100 
scientists present. I can honestly state that not one positive comment was ten- 
dered to me about the USNA, out of literally dozens made. If the report is pub- 
lished in anything like its current form, I predict it will provoke a public exam- 
ination of how and why the federal science establishment [could have produced 
such a document].” 

That prediction has come true. It is why we are here today. 

Besides being research scientists, the State Climatologists are interpretive profes- 
sionals who deal with the climate-related problems of their states on a day-to-day 
basis. It’s hard to imagine a better-suited team of professionals to provide a signifi- 
cant leadership role in any new Assessment. 

RECOMMENDATIONS 

1. The current USNA should be redacted from the public record. 2. Another As- 
sessment should be undertaken, this time with a much more diverse synthesis team 
selected by a more diverse political process. 3. Professional interpreters of climate 
information, who will be called upon to explain or defend any future Assessment , 
such as the State Climatologists, should provide strong input to any new report. 4. 
Any new Assessment must be based only upon hypotheses that can be verified by 
observed data. 


CONCLUSION 

The 2000 document, Climate Change Impacts on the United States: The Potential 
Consequences of Climate Variability and Change, which served as the basis for an 
important chapter in the new Climate Action Report — 2002, was based on two com- 
puter models which were extreme versions of the suite of available models. The two 
selected models themselves performed no better than a table of random numbers 
when applied to U.S. temperatures during the time when humans began to subtly 
change the composition of the earth’s atmosphere. As a result, both reports are 
grounded in extremism and scientific failure. They must be removed from the public 
record. 

This scientific debacle resulted largely from a blatant intrusion of a multifaceted 
political process into the selection process for those involved in producing the U.S. 
National Assessment. The clear lesson is that increased professional diversity, espe- 
cially intermingling state-based scientists with the federal climatologists, would 
have likely prevented this tragedy from ever occurring. 
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U. S. Mean Temperature Anomalies 



U. S. Mean Precipitation Anomalies 



Figure la, (top) Future temperature changes for the United States projected by models 
comidered for inclusion in tfaeU.S. National Assessment . Figure lb. (bottom} Future 
precipitation changes for the United States projected by models considered for inclusion in the 
U.S. National Assessment. (Source: U.S. National Assessment Foundation Document) 
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igure 2. Time histories of the changes in annual temperature for the United States 
uring the 20th century based on observations and on simulations from the Canadian 
nd Hadley models, calculated as 10-year running means from 1900 to 2000. (Source: 
J.S. National Assessment, Foundation Document). 
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Mr. Greenwood. Thank you. 

The Chair recognizes himself for 10 minutes for inquiry. 

Dr. Karl, I want to start with you. In your written testimony, you 
note several factors that cause climate change and variability that 
were not included in assessment models. This is on page 2 and 
more extensively on page 10. You also note that foreign models 
were problematic for use in the United States, and cite a National 
Research Council report which you chaired — this is from page 4 of 
your testimony — that underscored these important limitations. 

Can you explain why, given your own knowledge about the mod- 
els’ limitations, you went ahead with these models? Weren’t they 
too limited for the public uses that would result from this report? 

Mr. Karl. Sure. I would be happy to, Mr. Chairman. 

The two models that were selected, by no means, were perfect 
models, and no model is perfect. I don’t think anyone would argue 
that. I think the question that we all asked ourselves is whether 
they would be useful tools. 

As I tried to indicate in my testimony, we believe they were quite 
effective as useful tools, along with the observational data and 
“what if’ scenarios. Maybe I can give you a little bit of an analogy. 

In daily weather forecasting today, operational weather models 
cannot predict tornados or hailstones, but yet our weather forecasts 
do give an idea of when we would expect tornados and hailstorms 
and are largely based on those operational weather models, despite 
the fact that the operational weather models do not have the high 
resolution details to be able to predict those phenomena. 

So in that sense, these models, we felt, were effective tools and, 
as I tried to indicate in my testimony, there was a number of 
issues that were neglected, those being changes in land use, as Dr. 
Pielke had described, changes in black soot and other aerosol, 
changes in stratospheric ozone depletion. 

Those simulations weren’t available at that time, but the intent 
of the assessment was to look into the 21st Century, and if you 
look at the IPCC results, those forcings, although are important 
and it is important to try and understand the regional details, the 
two most important factors, that being aerosols and increases in 
greenhouse gases, were included in the models. 

So for that reason, we thought that it was a valuable tool to go 
ahead and use and, in fact, if we had not used them, I think we 
would have been negligent. 

Mr. Greenwood. How do you respond to Dr. Michaels’ sugges- 
tion that these models haven’t produced more — anything different 
than a random set of numbers? 

Mr. Karl. Random numbers? Yes, and I am glad you asked that 
question, because we have conducted those tests on those models 
similar to what Dr. Michaels has suggested. First, let me qualify. 
There’s many tests you can do on models, and no one test should 
be used to say whether or not a model is effective. 

There’s been many types of tests applied to these models and 
other models, but I can say the same kind of tests that Dr. Mi- 
chaels suggests was applied to precipitation data over the U.S., and 
the model showed significant skill. If you apply the same test to 
global temperatures, the models show significant skill. 
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There is a number of reasons why we think it is inappropriate, 
actually, to apply that test on the national temperature or precipi- 
tation over the course of the 20th Century. That is, as I indicated, 
the models do not have all those forcings. They did not have vol- 
canic eruptions. We know the U.S. climate record was affected by 
volcanic eruptions in the 20th Century. 

It did not have solar variability. Some of the changes were af- 
fected by solar variability. The timing of El Ninos and North Atlan- 
tic oscillations and other important oscillations are not in these 
models when they simulate climate. They are trying to produce the 
stoclastic behavior of climate, and they can’t predict the timing. 

So if you are looking at small regional scales where these effects 
are important in the historical record, it is going to be very difficult 
to evaluate a model. That is why most evaluations look at the glob- 
al scale. They will aggregate regions, but they will aggregate it up 
globally to remove a lot of this noise and variability. When you do 
that, the models that we have used and many of the other models 
do show significant skill. 

In fact, a recent test by Lawrence Livermore National Laboratory 
looking at the annual cycle of precipitation and the total precipita- 
tion for the last 20 years showed that the Hadley Center model 2 
that was used in the assessment exceeds all other models, and they 
tested 24 models. This was part of a model inter-comparison project 
and has been going on for a number of years. 

The Canadian climate model did not do as well. It wasn’t an 
outlier. It was in, I would say, the lower third of the distribution 
of the models being used. So I think again it depends on what kind 
of tests you apply, and you have to look at the broad breadth of 
the scientific information that is out there, in my opinion. 

Mr. Greenwood. Dr. Michaels, you wanted to respond. Yes. 

Mr. Michaels. Yes. The standard test of whether 

Mr. Greenwood. What I need you to do is you see how this 
microphone points directly at my mouth. That’s what you need to 
do. If it is pointing over my head, you can’t hear. 

Mr. Michaels. The standard test of whether a model performs, 
a model being a hypothesis, is a statistical test against random 
numbers. Tom very adequately answered the question, and I would 
like to point out what is kind of missing from his response, which 
was in fact that he did replicate my experiment and found, as I 
found, on 10-year averages that it was worse than random num- 
bers. 

He did it on 1 year averages, on 5 year averages, on 10 and on 
25 and found the same thing. Now we are talking about warming 
of the surface of the planet created by changes in greenhouse 
gases. After that surface and mid-atmosphere warm, that creates 
a change in the temperature distribution. That creates changes in 
precipitation. 

I think it is rather interesting to agree on this panel that we 
couldn’t simulate the temperature of the United States and some- 
how be happy about the fact that the precipitation was right, be- 
cause it is the temperature change that drives the precipitation 
change. 

Here is the real problem, if you must know. We are going to have 
great difficulty simulating the temperature history of the United 
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States with these models for one main reason. There was a large 
warm-up in the United States’ temperatures that occurred before 
the greenhouse effect changed very much, and then as the green- 
house gases began to ramp up into the atmosphere in the middle 
part of the century, the temperature dropped. In the latter part of 
the century, the temperature has returned to levels that are near 
the maxima that occurred after the large warm-up in the early 
20th Century. 

It is going to be very, very difficult to simulate that, because no 
one really understands why the first one occurred and why it was 
of such similar magnitude to the latter one, given the large 
changes in the atmospheric greenhouse effect. I am left to conclude 
that we could not use the models for even assessing the annual 
temperature of the United States, and the irony of this report is 
it then devolves into regional assessments after having admittedly 
failed now with United States temperature. 

I think we need to rethink the validity of this entire process. 

Mr. Greenwood. Let me ask a question that is a bit off the 
script here, but Dr. O’Brien talked about the need for a Manhattan 
project. I’d like the panelists, if you would, starting with Dr. 
Janetos and going right down the line, to offer up your sense as 
to whether there is a lack of resources here. Do we need to, in fact, 
apply governmental and/or private sector dollars in a very signifi- 
cant way to create resources, computer and intellectual, in order to 
get a better grip on this? 

Mr. Janetos. Mr. Chairman, I would answer your question very 
briefly. Yes, we do. We have been very clear both in the National 
Assessment and in subsequent publications about the need for sub- 
stantial additional research into the topics of vulnerabilities, and 
then to understand what changes, in fact, are the most plausible 
in the physical climate system itself. 

We have had a significant research program for sometime now, 
but this is one of the most challenging issues in both underlying 
biology, ecology, and the physics of the climate system that this 
country has had to address in environmental science, and I believe 
certainly deserves additional resources toward its investigation. 

Mr. Greenwood. Dr. Karl? 

Mr. Karl. Yes. I think one way to take a look at whether or not 
we need additional resources is to look back at some of the prob- 
lems that we faced in the National Assessment, we attempted to 
do this. There were issues related to just understanding whether 
or not we had effective observations, not to simulate what the real 
climate is, but to look at the changes. 

You heard Dr. Pielke talk about changes in the mid-troposphere. 
There are some new results coming out that suggest, well, the in- 
creases of temperature were a little more than we perhaps thought. 
It just reflects this issue of trying to understand what is happening 
in the climate itself is complex, requiring significant investment in 
time and resources. 

Then the issue related to the models: We were severely con- 
strained by the number of models that were able to simulate, for 
example, just a day/night temperature. Many of the ecosystem 
modelers said this was critical for them to be able to look at the 
impacts further down into the century. 
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So it is very clear that we need the details of climate from the 
observations. We need many more improvements in the models. My 
sense is that there is plenty of work out there to be done and plen- 
ty that could be very effective in helping to do another national as- 
sessment, if we so attempt it. 

Mr. Greenwood. Dr. Lashof? 

Mr. Lashof. Well, I certainly agree with that. We are investing 
quite a bit in the global change research program now. Additional 
resources certainly would be useful, and particularly the kind of de- 
tailed modeling center that Dr. O’Brien suggests, I think, would be 
very helpful in the United States. 

I would just add to that a caution, that the goal of furthering the 
research to get at many of the details that need to be addressed 
should not be posed as a substitute for the need to take action now 
to reduce emissions. 

I would just like to quote from the Intergovernmental Panel on 
Climate Change report, synthesis report from 2001, that says that, 
“The pervasiveness of inertia and the possibility of irreversibilities 
in the interacting climate, ecological and socioeconomic systems are 
major reasons why anticipatory adaptation and mitigation actions 
are beneficial. A number of opportunities to exercise adaptation 
and mitigation options may be lost if action is delayed.” 

Mr. Greenwood. Dr. O’Brien, we know what your answer is, but 
perhaps you could elaborate on what you have in mind. 

Mr. O’Brien. Well, I am going to brag now. I have used more 
computer time than you probably imagine that a scientist and his 
students can use all my life. I can say for the absolute first time 
in my life I personally have adequate access to computer time. It 
is through two ways. 

One was when the Soviet Union surrendered, they finally 
changed procurement rules in the Department of Defense, and now 
in the Department of Defense they can buy computers. You know, 
in 1975 the poor guys inside Department of Defense had to guess 
what Kray and the other ones are going to have 8 years from now, 
because that is how long it took to buy a computer. 

We, fortunately, have ONR support, and I can get access to those 
for some of our ocean modeling. Florida State has invested in a 
large system which, as I’ll brag, has put us 3, 4 in the world, and 
the first in universities in the United States, and I am very happy. 

We know, for example, that why didn’t we have any U.S. models? 
Well, there are two institutions that historically we would look to. 
That is the Geophysical Dynamics Lab, NOAA’s lab in Princeton, 
and the National Center for Atmospheric Research, and neither one 
had adequate computer things to do these kind of models that our 
international partners are doing. 

You know, sir, in a word I want you to remember, computers are 
cheap. I find hundreds of young scientists, PhDs, working in these 
labs with absolutely inadequate computers, and you know, you fig- 
ure out what the cost per manyear is for a PhD with all the sup- 
port, and the computers these days with Moore’s law operating are 
really, really inexpensive. 

The other thing is that at NCAR I have been developing a new 
climate model, and I am putting their best scientists on it. But 
they want to go back to individual papers and things like that. I 
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really believe, to advance this, this is a national emergency, the 
kind of cost that you mentioned yourself, that climate change is 
going to cost this country trillions of dollars and problems as we 
go down 10 to 20 years. We need to put it in a situation where it 
is outside the politics of whatever the history of that lab is, and 
something where, you know, young — bright, young scientists will 
take this as a challenge, that they can go there and work for a 
while. 

You know, there is an example in our government. You know, 
they are having their 30th anniversary. It is ICASE. Under NASA, 
you know, they have this little think tank for numerical modelers 
in other areas besides weather and climate, and it is at Langley, 
and it is the NASA Administrator’s budget, and it is an absolutely 
beautiful thing. 

They take the brightest young mathematicians that come out of 
our university systems, and put them in an environment in which 
they an really advance the understanding in areas like, you know, 
simulating, as someone said, aircraft and simulating other things. 

So I think it is really a priority, and I really think it is relatively 
cheap compared to the kind of money that we are spending on sat- 
ellite systems, observing systems, that we really need to do this. 
I’m sorry to take so long. 

Mr. Greenwood. That’s quite all right. Dr. Pielke. 

Mr. Pielke. Yes. I think there is a need to have a redirection of 
this effort, but I would like to focus more on the vulnerability per- 
spective. That is, you start from that, and we have to assess 
vulnerabilities to environmental risks, societal risks, all kinds of 
risks that we can think of, and where does climate fit within that 
umbrella, and then develop plausible projections from both models, 
from historical record, artificial creation of data. 

This is, I think, a much more vibrant and inclusive approach 
than what the National Assessment did, because if we start from 
vulnerability and we find where our thresholds and our concerns 
are, that is where we can spend our resources. 

I think, in terms of developing better models, I would agree with 
Dr. O’Brien that we actually have a lot of computer tools available 
today, and we can do a lot more with these models. I think that 
needs to be integrated more into the process, some of the work with 
respect to land use change on the climate system, the multiple ef- 
fect that aerosols have on cloud and precipitation. 

Climate is a very complicated problem. As I said in my testi- 
mony, I don’t think that predictability may be the ultimate goal to 
understanding of the climate process itself. That is why I fall back 
to the vulnerability paradigm, because that permits us to make de- 
cisions even if we don’t understand what exactly will happen in the 
future. 

Mr. Greenwood. Dr. Michaels? 

Mr. Michaels. Mr. Chairman, perhaps I spend too much time in 
Washington, but it would be hard for me to imagine a panel of sci- 
entists or agency heads saying that they didn’t need the money, 
and you always have to be very careful. 

Mr. Greenwood. We have a predictive model that predicted that 
you all would say this. 
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Mr. Michaels. Yes. Now having said that, let me offer somewhat 
of an alternative point of view, first of all, on the assessment. I 
think that it probably would have been appropriate had there been 
more involvement from the State climatologist community, because 
we are the people who have to respond to the press more than any- 
body else, and the public, when these reports come out. If we had 
had more input, I think we would have been happier with the re- 
port. 

Having said that, I might be able to simplify the problem for you 
a little bit, and I am going to show you a picture. Mr. Chairman, 
in absence of a picture, I’ll paint you a picture. 

We have a number of computer models for the behavior of the 
atmosphere, and by and large, although there are a few outliers 
like the Canadian model, they predict straight line increases. They 
say once human warming starts from changes in the greenhouse ef- 
fect, it takes place at a constant rate. I believe human warming has 
started from changes in the greenhouse effect, because I believe 
that human warming has started. 

Mr. Greenwood. So you are defining human warming as 

Mr. Michaels. Greenhouse warming has started as a result of 
this. 

Mr. Greenwood. All right. 

Mr. Michaels. So perhaps what we ought to do is to adjudicate 
all these straight lines. You see some of them are going up like 
this. Some of them are going up like this, and some of them are 
going up like this, and some of them are going up like that. Now 
all the models say that once the warming starts, it takes place at 
a constant rate. So why don’t we just plot the observed rate of 
human warming? 

You know what you get when you do that? You get something 
around 1.6 degrees Celsius over the next 100 years. I would think 
that our research effort should be attempting to answer the ques- 
tion why is the warming rate proceeding at the low end of the 
range of expectations, and why has it been so constant? 

I wish I could show you a chart right now to show you how con- 
stant it has been, and I think that that is the research question 
of the future. 

Again, my other answer is the next time around, let’s get more 
of the State people in these reports, because they are the ones who 
can take these reports to the public and explain them the best. 

Mr. Greenwood. Feel free to find your picture and show it to us 
when you find it. 

The Chair recognizes the gentleman from Florida, Mr. Deutsch, 
for 10 minutes. 

Mr. Deutsch. Thank you. How much confidence do we have in 
the climate projects at this point in time, and then specifically re- 
lated to that, we have — You know, there’s different models and dif- 
ferent scenarios. Can each of you comment on what is agreed to in 
these different models and scenarios? Maybe we could just go to 
Mr. Janetos. 

Mr. Janetos. Yes, sir. In the models that we used in the assess- 
ment itself, there was a single underlying emission scenario. This 
is, in fact, a limitation of the assessment. The scenario — The emis- 
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sions scenario that we chose was one that had been thoroughly ex- 
amined internationally. 

So in one sense, one of the things that was agreed quite constant 
throughout the assessment was the underlying forcings of green- 
house gas accumulations and changes in sulfates and aerosols, for 
example, the models that were used 

Mr. Greenwood. Would you define forcings, because you have all 
been using that, and I am not sure that Mr. Deutsch and I under- 
stand. 

Mr. Janetos. The changes in the impacts on the atmosphere 
that actually cause climate to change and to vary, in an abbre- 
viated way. The models — All of the models that were used in the 
assessment shows some warming. There was obviously — over the 
U.S. There is obviously disagreement in the actual magnitude of 
that warming. 

They also show — They do show rather different changes in pre- 
cipitation, which Dr. Karl has referred to in his testimony. In each 
case we actually — The analysis that we actually performed was to 
take the changes in the models and apply those to an interpolated 
dataset of the historical record of the United States. 

So the actual variability that was analyzed was drawn from the 
historical record itself. We did this in order to attempt to be con- 
servative in our analyses, in particular with respect to changes on 
intra-annual and decadal time scales. Thank you. 

Mr. Karl. If I could address the question simply, there’s a num- 
ber of items that I think everyone would agree on. One it is going 
to get warmer, and again, as Dr. Michaels has mentioned, the 
issues are how much warmer. That is why you will see in the IPCC 
reports this uncertainty range, and that is why I think it is impor- 
tant in these scenarios to look at that full range. 

So, clearly, being warmer is part of it, and then the implications 
of what happens when it is warmer, reduced snow pack, more rain 
versus snow, and you can imagine what some of those hydrological 
impacts might be. 

The other aspect that I think most of us would agree on is that 
we can only state in very general terms what we would expect to 
see with precipitation: Increase in mid and high latitude precipita- 
tion, generally globally more precipitation, subtropics perhaps less 
precipitation, and that dividing line between the subtropics and 
mid and high latitudes comes very close to the United States. That 
is why you see that we are very uncertain about just the exact sign 
of precipitation. 

One thing is also, I think, in general agreement. If it is not rain- 
ing, with warmer temperatures, you generally have more evapo- 
ration, more evapotranspiration, depending — Here is where vegeta- 
tion becomes important. So when you get down to local scales, if 
vegetation begins to change as temperatures increase, it could actu- 
ally affect the amount of water that is being evaporated. 

So in the general sense, there is agreement when it’s not raining, 
more evaporation; but there is important regional and local scale 
differences that we probably would not all agree on. 

Last, one item, that again in general all the models that we have 
looked at, all the models that are available in the literature — you 
can argue from thermal dynamic considerations from some of the 
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equations that we use in physics that, as the globe warms, precipi- 
tation tends to fall in heavier events. This is what all the models 
are projecting. 

We are beginning to see this in the observations. It doesn’t occur 
everywhere, but more areas we are seeing than areas we are not 
seeing it, and that is also reported in the IPCC report. 

So those are a number of the things, I think, that there’s some 
consistency that I think we might all be able to agree upon. 

Mr. Deutsch. Dr. Lashof. 

Mr. Lashof. Thank you. Let me start by saying what we can’t 
do. Dr. Michaels has made this argument that the models are like 
a table of random numbers. But the test that he has applied is a 
very particular test, and it is a test that basically says can these 
models predict the weather in Philadelphia or Miami on July 25, 
2010 better than a table of random numbers. 

The answer to that is no. Why? Because 2010 is only 10 years 
from now, and over a 10-year period natural variability, El Ninos, 
volcanic eruptions that can’t be predicted, the general oscillations 
in heat between the atmosphere and the ocean system are of the 
same magnitude as the expected overall warming trend that’s a re- 
sult of adding heat trapping gases to the atmosphere. 

So over a 10-year period you don’t expect to be able to do better 
than simply using roughly current conditions as your best predictor 
of the likely conditions then. Over a 30-year period or a 50-year pe- 
riod, then the effects of human alterations to the atmosphere domi- 
nate over these natural changes and, when you apply that test, the 
models do much better than a table of random numbers. 

So that’s the fundamental point. As a result of that kind of con- 
sideration, there is agreement, again accepted by this administra- 
tion as well as the last administration, that warming during the 
21st Century will be larger than warming during the 20th Century. 

Again, Dr. Michaels said, well, why don’t we just take the ob- 
served data and draw a straight line through it. That’s okay. The 
problem is that, when you have data with some scatter and you 
take a relatively small period and you want to project out over a 
long, you can draw a lot of straight lines with different slopes, and 
it doesn’t help you answer the question how steep that slope is 
going to be. Again, that is why the models are useful. They give 
us more insight into that. 

Just a couple of other facts that are very robust to add to the 
ones Dr. Karl just mentioned. We expect sea level rise during the 
21st Century will be significantly more rapid than sea level rise 
during the 20th Century. That has obvious implications for your 
State, Mr. Deutsch. 

In addition, the effects on coral reefs are expected to be very se- 
vere. The reason for that is both the increase in temperature — 
where coral reefs are already threatened by high sealable tempera- 
ture events that cause coral bleaching, that becomes much more 
common — plus the direct effect of increased CCL which, as the at- 
mosphere accumulates more carbon dioxide, carbon dioxide in- 
creases the acidity of the ocean and literally erodes the corals. 

So if we continue to add carbon dioxide to the atmosphere, with 
high confidence we can say, and the National Academy says, that 
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coral reefs are extremely vulnerable to being wiped out in many 
areas. Those are just a couple of examples. Thank you. 

Mr. O’Brien. One of the interesting things about the global mod- 
els is that some of us near my age remember the first one by Jim 
Hanson from NASA GIS in which he told the Senate that we would 
increase 10 degrees Fahrenheit by 2020, but he had a very small 
computer. So he had no ocean in his model, and eventually the 
GCMs, which were putting oceans in — The trend that I mentioned 
in my report is that what I see in the models is that, as the models 
keep increasing, the magnitude of the impact out at 100 years is 
decreasing. 

I think that Dr. Michaels’ straight line — and I think there is 
probably only one — is a lower bound unless something else hap- 
pens, because we might be going into an ice age, which has nothing 
to do with what man is doing to the planet. In fact, Mr. Deutsch, 
if you look in the back of my report, you will find out that where 
you live in south Florida is warming up, but most of Florida is ac- 
tually cooling down. It is actually cooling down. 

I remind the panel that around 1880 in Savannah, Georgia, and 
Jacksonville, Florida, two wonderful places, they harvested tens of 
thousands of boxes of very good oranges which they shipped to Eu- 
rope and to Washington and those areas, and now if you want to 
grow oranges, you have to be south of Orlando. 

So, clearly, part of the southeast has certainly not experienced 
this warming that some people are finding in the data. But I be- 
lieve that the models will get better, and I believe that Dr. Pielke’s 
ideas about vulnerability and other effects are extremely important 
in order to direct the modelers that are not in an ivory tower just 
doing these physical models, and we are already working in those 
areas. 

You know, right now in the State of Florida, actually by using 
climate variability, we are actually now providing forest fire pre- 
dictions, county by county, month by month. So there’s a lot to do 
in applied work, and I am very pleased that we have the support 
of that. 

So the models will get better as the resolution gets better. This 
is a known fact with weather prediction. You know, we went from, 
when I was in graduate school, about 250 kilometer on side grids 
until now, you know, the weather predictions are getting down to 
10 kilometers on a side, particularly at this European center that 
I mentioned earlier, and their forecasts for weather are getting 
very, very nice, much better than we have had in the past. 

So I really believe that we need these models. You know, also the 
Nation is investing a lot of new resources in the ocean. There is 
a large portion of the scientific community that believes that we 
also need to understand the ocean. The ocean is the flywheel in the 
climate system. It is the thing that will change, and I am sorry to 
tell you, Dr. Lashof, but the ocean’s pH cannot incorporate — The 
ocean is a very buffered system. 

Also the things about corals is somewhat a red herring. There’s 
later research. Remember, about 10 years ago the corals south of 
Florida were dying. They blamed it all on the El Nino. That was 
the era when everything was due to El Nino. In fact, actual experi- 
ments and in the literature, published not by me, of course, shows 
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that, you know, a lot of this is natural, and sometimes the bleach- 
ing is actually beneficial for the coral for when they take their next 
bloom. 

It’s sort of like in northern Florida and Georgia, you know, if we 
don’t get any cooling in the winter, you don’t get any peaches. 
Thank you. 

Mr. PlELKE. Yes, sir. The fundamental hypothesis for these mod- 
els is that we can predict the future change based on C0 2 and 
other greenhouse gases and aerosols, and not just C0 2 but the radi- 
ative effect of C0 2 , how it affects the greenhouse effect. But carbon 
dioxide has other effects such as biogeochemical effects, and there’s 
the land use change that we have already mentioned. 

These make it — These haven’t been included in the models. So 
we don’t know if they have predictive ability, but it is a necessary 
condition to test. As I showed in my testimony, the current suite 
of models that were used in the U.S. National Assessment have 
failed to replicate the atmospheric change over the last 20 years. 

The atmosphere has to warm in order to warm the surface, and 
as to why the surface has warmed and the atmosphere hasn’t, that 
is the subject of some controversy. But some of our initial work 
suggests maybe some of the surface data is not spatially represent- 
ative. We can talk about that more, if you would like. 

For south Florida specifically, we have actually published papers 
on that subject, and we have shown, for example, the July, August 
warming that has occurred in south Florida over the past 80 years 
or so can be explained entirely by land use change, the fact of the 
draining of the marshes, the draining of the wetlands. Doesn’t 
mean that is the only reason that it has occurred, but we can ex- 
plain it. That has not been included in the National Assessment. 

Finally, I would like to conclude this answer with just going back 
to the statement of my Society of the American Association of State 
Climatologists. We specifically concluded that climate projects have 
not demonstrated skill in projecting future variability in change in 
such important climate conditions as growing season drought, flood 
producing rainfall, heat waves, tropical cyclones, and winter 
storms, and these types of events have a much more significant ef- 
fect on society than average annual global temperature trends, 
even if we could predict them correctly. 

Mr. Michaels. Thank you. I think, I’m sure inadvertently, Dan 
misrepresented my analysis. We weren’t just using 10-year decadal 
averages. We were looking at 10-year running means, 1991 to 
2000, 1990-1999, etcetera, on back through the historical record. 

He said that, if we had looked at 30-year averages, that would 
have been important. Well, I didn’t, but Tom Karl was so inter- 
ested in our analysis that he did, and he found that the models 
over the U.S. for temperature, in fact, were no better than random 
numbers on 25-year averages. 

I would like to get back to this notion of what we know and what 
we don’t know. Both the House and Senate have considered — 
thrown considerable resources at us, probably about $10 billion 
over the years, to study this issue of climate change, and much of 
it has gone toward the modeling of climate change. 

Now I am going to believe that for that $10 billion we at least 
got the mathematical form of those models correct. This is the grab 
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bag of models. I could get you a whole bunch of others. What you 
see is they are straight lines in general. The Canadian model is an 
outlier. 

Now the reason for this is simple. It is because we are adding 
carbon dioxide in the atmosphere at a slightly exponential rate, if 
I could draw your attention to my hand, slightly greater than a 
straight line, but the response of the atmospheric temperature to 
carbon dioxide is what we call a logarithm. It begins to damp off. 
If you add up an exponent and a logarithm, you get a straight line. 
That is what we have here. 

As the greenhouse era began, and we can, I think, see that when 
we see the cold air masses in Siberia start to warm up — that’s a 
real strong signal of a greenhouse. 

Mr. Greenwood. When was that? 

Mr. Michaels. That’s about around 1970 or so this begins to 
take place. We could plot the temperatures against this. I want to 
show you something. Now let me finish with an analogy. 

We have different weather forecasting models, and I teach 
weather forecasting at University of Virginia every once in a while, 
and some days the models will differ. We have the ADA model. We 
have the NGM model which stands for “no good model.” We have 
the ECMWF. We have all these models. What do you think we tell 
students, for all their tuition money, when we have all these dif- 
ferent models forecasting slightly different weather for the next 3 
days? 

We tell them to look out the window. We tell them look at what 
is happening around the country, and see which model corresponds 
best to reality. That is what we do for the weather forecasting 
problem, and that is what this graph does for the climate fore- 
casting problem. 

I draw your attention to the blue dots, once they start to go up, 
how remarkably little they depart from the straight lines. It’s just 
that the computers predict different straight lines. What has hap- 
pened here — what explains this curve is not only the addition of 
the logarithmic and the exponential response, but a remarkable 
constant has emerged in our study of human influence on the at- 
mosphere, which is the amount of carbon dioxide emitted per per- 
son is constant as population increases. 

Now we believe population is not going to increase as much as 
it was. This curve is a true indicator of what is happening, and I 
see absolutely no reason to believe that those Constances are going 
to begin to suddenly depart from reality. 

Mr. Greenwood. I am going to recognize myself for an addi- 
tional 10 minutes. 

Mr. Deutsch. Mr. Chairman, if I might, I have gotten a request, 
a unanimous consent request, that other members be allowed to 
submit statements and questions for the record. 

Mr. Greenwood. Without objection, they certainly will be. 

Dr. Pielke, in your testimony you described a policy statement of 
the American Association of State Climatologists which rec- 
ommends that, “Policies related to long term climate not be based 
on particular predictions, but instead should focus on policy alter- 
natives that make sense for a wide range of plausible scenarios.” 
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Does this mean State climatologists, by and large, do not con- 
sider the National Assessment a useful tool for policymaking? 

Mr. Pielke. Well, we didn’t specifically talk about the National 
Assessment. We talked about the climate change issue in general. 
I would think we would fall back on our comment No. 2 in our pol- 
icy statement that recognizes that the models are — or that climate 
prediction itself was a very complicated problem, and that 
verification is also difficult, if not impossible, because you have to 
wait a long period of time in order to come up with the predictions. 

I think we also recognize as State climatologists that climate is 
much more complex than is implied by the U.S. National Assess- 
ment, since they didn’t, for example, include all the human 
forcings; and because of that, as I said a few minutes ago, we have 
concluded that there is no skill in any of these models, the IPCC 
or the U.S. National Assessment, for predicting these regional im- 
pacts of growing season, drought, flood producing rainfall and so 
forth. 

So even if the models did show global skill, which I don’t think 
they have, they certainly have not shown regional skill as voted on 
by nearly a unanimous vote of our Society. 

Mr. Greenwood. Thank you. Dr. Janetos, let me return to you. 
You note in your testimony that the report explicitly describes the 
synthesis team’s scientific judgment about the uncertainty inherent 
in each result, (a) Can you explain why this effect was sufficient, 
given the complexities of the undertaking, the public mindset, and 
the context in which the report would be taken? 

Mr. Janetos. It was certainly our hope and our intent to signal 
to our readership, however wide or narrow it might have ended up 
being, our judgment about the robustness and confidence that we 
had in our major findings. To give you a particular example, re- 
sults that were only found in one model run from one GCM and 
one ecological model, as extreme as they might have been, were 
judged to be of substantial — We had substantially less confidence 
in those results than findings that were consistent amongst either 
climate models or ecosystem models. 

It was certainly not our intent, nor the design of this report, to 
have it serve as the sole basis for national policymaking, and it ob- 
viously is not being used as such, as a sole basis for policymaking, 
which I think is wise. 

Many of us have subsequently collaborated on a publication in 
which we lay out our views of the scientific uncertainties and rec- 
ommend programs for addressing those, which is currently in press 
in the peer reviewed literature. 

Mr. Greenwood. Thank you. Mr. Karl, do you believe the cave- 
ats about uncertainty were sufficient? 

Mr. Karl. Yes, I believe that we went to great pains to develop 
a lexicon, as Dr. Janetos had indicated, to try and convey where 
it was clear in our minds that there was considerably higher prob- 
ability, given all the assumptions of the scenarios that were gen- 
erated, of the outcomes. Then there were some where we tried to 
convey the information in the sense that we just didn’t know, and 
there was equal chances. 

So I thought that, in fact, the assessment followed a protocol that 
was begun in the first IPCC report in 1990 that tried to give aster- 
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isks, asterisks meaning one, two, three or four-star asterisks to try 
and convey some sense of confidence that the scientists had in the 
outcomes that they were expecting in the future. 

It was very clear when we were writing this report, words can 
be very deceiving. One individual may say likely, and it causes a 
whole different set of ideas to come to mind that, you know, maybe 
this is 95 percent certain. So we tried, and it is shown in the re- 
port — tried to use those words and link them with probabilities, not 
fixed probabilities but likely didn’t mean 95 percent. It was some- 
where between 65 and 85, 90 percent. So we thought that this was 
a quite important thing to do. 

Mr. Greenwood. Any of the other panelists want to comment on 
the adequacy of the caveats? 

Mr. Michaels. Yes, I would, if you don’t mind. It has clearly 
been established here that both Tom and I agree that there was 
the problem of the two driver models doing no better than the table 
of random numbers, and on temperature, not on precipitation, tem- 
perature being a very important variable for agriculture and many 
of what we call the subsequent impact models. 

To use a colloquialism, that’s garbage, garbage in, and there is 
a transitive property of refuse when you apply it to subsequent 
computer models, and that’s what comes out. I have yet to under- 
stand, I have yet to hear a justification for proceeding along this 
road when the leadership knew that there was this problem with 
the models. 

I think they should have stopped and said, wait a minute, we 
need to report back to you that we really can’t go down this road, 
even though we were commanded to, because we don’t have the 
tools. They could have come to you and said, listen — I mean, they 
could have disagreed with me, that’s fine — we need a lot more 
money. We need a lot more support to study this problem and to 
give you what is an assessment that is based upon real numbers, 
not random numbers. That is my problem with the competence in 
this report. 

Mr. Greenwood. Thank you. Mr. Karl, can you elaborate on the 
timing of model improvements in your testimony? Can models ever 
provide a level of certainty needed to convince policymakers or 
even the State climatologists? 

Mr. Karl. First off, I would preface my comment that I think I 
will try and limit my comments to how the improvements in the 
models — how long it will take to narrow the uncertainties as op- 
posed to when State climatologists or policymakers may choose to 
use them. 

I think that, if you take a look at history, you can get a good 
sense of how quickly we might be able to converge. If you look at 
this issue that really began to become a focus of the scientific com- 
munity in the 1980’s, the first models that were generated — in fact, 
if you even look before that, the first National Research Council re- 
port talked about the sensitivity of models to doubling of carbon di- 
oxide on the global average temperature, and they gave an uncer- 
tainty range that stands to this day today. 

That first report done by the NRC now is over 30 years old, and 
you will see that we still have the same range of uncertainty, you 
know, doubling of C0 2 , 1.5 to 4 degrees Celsius increase in tern- 
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perature globally, and then the issues come down to, well, what is 
going to happen in the specific regions. 

I do see some significant improvements in the next number of 
years with the use of not only global models but coupling with re- 
gional climate models, putting in more of the regional details, as 
we have discussed. So there will be some improvements, but I 
would not expect that that range is going to change substantially 
in the next 5 or 10 years. 

If I may make one other comment with respect to some of Dr. 
Michaels’ statements regarding whether or not these models are 
better than a table of random numbers — and again, I don’t want 
to turn this into a scientific debate, but the way you apply tests 
to models is very important to know the framework. What’s the 
level playing ground? 

These models that were run had one simulation. We know that 
you need many simulations to adequately capture important cli- 
mate fluctuations, and we don’t have that, and only if you have 
many, many different ensembles, orders of hundreds of climate 
model runs using the same forcings, can you hope to see what the 
scope of variability might be. 

These models did not include volcanic eruptions at the time they 
erupted, like Mount Pinatubo, El Chechon. So again there are — As 
I said in my testimony, my oral statement, there’s many different 
tests out there, and it’s very tenuous to put too much information 
on any single test. 

One other issue that’s come up related to the tropospheric tem- 
peratures, mid-troposphere, that Dr. Pielke has argued show less 
warming than models projected. I just wanted to point out, if you 
go back to the early Sixties, we have radiosonde data that go the 
early Sixties. The warming produced by the observations and the 
models on a global basis are quite consistent. 

Mr. Greenwood. Dr. Michaels, you wanted to respond? 

Mr. Michaels. That is true, Tom, except you know and I know 
that the warming that occurred in the radiosondes — these are the 
weather balloons — is a peculiar warming that shows a step func- 
tion somewhere around 1975, 1976. 

In fact, if you take this weather balloon record and go from its 
beginning, which depending on the record you are using is 1956 
or — or 1957 or 1948 — Take the 1956 to 1975, and it is constant — 
or 1976. There is no warming. Then you take the 1977 to now or 
to the late 20th Century, and it is constant. 

There is this jump that occurred in the mid-1970’s. Some people 
call it the great climate shift. We have no idea what it was. We 
also have no computer model. O’Brien will explain it all. We have 
also no computer model that I know of for change in greenhouse 
gases that says all of a sudden the tropospheric temperature 
jumps. 

So it is a little misleading to say, yeah, those records match up, 
because the computer models are predicting a smooth change — you 
saw that — in the free troposphere, and the atmosphere isn’t obey- 
ing the law as specified by the computer. 

I think Tom and I are in agreement, by the way, largely. If I 
were to deconstruct, and as a college professor I am forced to do 
this — If I could deconstruct your answer about, well, Michaels’ test, 
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you know, really was a little bit harsh, because he didn’t include 
volcanoes or something like that, isn’t Tom Saying that the models 
were inadequate for this report? 

Mr. Greenwood. I will let him answer that himself. Actually, we 
have a pending vote. So I am going to ask the last question of the 
hearing, and it is kind of a wide open question. 

That is this. The Congress and the Executive commanded that 
this study be done, but I want to ask each of you to respond to this 
question. If you had the power to command the Congress and the 
President with regard to the policies that we should enact and em- 
ploy with regard to this entire range of global warming, everything 
from resources needed to study, the policy decisions with regard to 
emissions, how would you command us? Dr. Janetos? 

Mr. Janetos. Mr. Chairman, a daunting question indeed. I think 
my command would be twofold. One would be to take those actions 
which make sense now, not to imagine that the uncertainty in the 
science acts as a break to inhibit mitigation activities that make 
sense 

Mr. Greenwood. Could you give us an example of those actions 
that you think we should take? 

Mr. Janetos. I believe that some measure of mitigation for 
greenhouse gas emissions is in order, mitigation actions that are 
achievable with current technology and at reasonable cost. 

I also believe quite strongly that resources and a focused pro- 
gram on vulnerabilities and the sensitivities of natural resources to 
changes not only in climate but to other environmental stresses is 
in order. We face a changing planet. That is very clear. Ultimately, 
our well-being depends on our ability to manage those resources 
well. 

Mr. Greenwood. Dr. Karl. 

Mr. Karl. Well, one of the things that I think is most important 
to consider to try and move forward on this issue is the difficulty 
that we face when we try to go from discipline to discipline to un- 
derstand the important impacts and the adaptations, the mitiga- 
tion measures we might take. 

There is a tremendous amount of collegial interaction that must 
occur between physicists, climate scientists, ecologists, specialists 
in hydrology. One of the things we found in the National Assess- 
ment, I think, that was so valuable was, for the first time, these 
communities were actually talking together. Outputs from one 
model were looked to see how they might be able to run another 
model. Observations from one group were looked at how they might 
apply to another area. 

That activity is really critical, and it is dependent on individuals 
trying to forge these interactions, these discussions. So I think one 
of the important messages from the National Assessment, one area 
that really is important if we expect further progress in this area, 
is to continue and encourage anything we can do to encourage that 
dialog across disciplines. 

Most scientists get much more pats on the back by being special- 
ists in their own field. So without a push in that direction, it is 
going to be very hard, I think, to expect individual scientists to — 
although I’m not speaking for everybody, but I think letting the 
system go and expecting that to happen on its own will be difficult. 
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Mr. Greenwood. Dr. Lashof. 

Mr. Lashof. Mr. Chairman, we know that we are adding a thick- 
ening blanket of heat trapping pollution to the atmosphere in C0 2 
emissions from automobiles and power plants. We know that that 
is going to cause the climate to change, and indeed the climate has 
already begun the changes. I think everybody on this panel has 
recognized. 

The National Assessment shows that the United States is very 
vulnerable in many respects. We can’t predict what the weather 
will be on July 25, 2030, but we can say that there are very severe 
risks to the United States if we continue to add carbon dioxide to 
the atmosphere at the increasing rates that we have been. 

We also know that for the last 10 years we have had a voluntary 
approach to trying to limit the emissions of greenhouse gases, and 
it’s failed. Our emissions are going up. So I think that the basic 
conclusion is pretty straightforward. It’s time for mandatory limits 
on emissions of carbon dioxide and other heat trapping gases. 

The House has before it the Clean Smokestack Act sponsored by 
Congressmen Boehlert and Waxman that would take a big start on 
that, focusing on an integrated approach to cleaning up emissions 
from power plants. I think we need an energy policy that is de- 
signed to limit carbon dioxide emissions. Unfortunately, I believe 
that the policy that was passed by the House earlier in the year 
moves us in the wrong direction, and instead of, for example, 
strengthening efficiency standards for automobiles that would have 
the result of reducing emissions of C0 2 and making us less vulner- 
able to dependence on foreign oil, it actually moves us in the wrong 
direction. It weakens currently law. 

So I think there are some very clear steps. You know, the good 
news is that this is a very daunting problem, but unlike some other 
problems like terrorism and poverty, I think we know how to solve 
this problem, and we just really need to get to work on it. So that 
would be my answer. Thank you. 

Mr. Greenwood. Dr. O’Brien. 

Mr. O’Brien. Mr. Chairman, I have two points here. One point 
is that, besides my colleague, Dr. Pielke’s, very good points about 
looking to see where the vulnerabilities are so you know where to 
put the emphasis on your studies, I believe that more — that Con- 
gress should direct the scientific community to start looking at un- 
derstanding climate variability, and I mean how we vary on the 
scales of annual, multi-years and multi-decades, because these are 
the way that we finally get to this straight line. I think that just 
looking at what is going to happen 100 years from now is the 
wrong approach. 

I also believe — The second point is I believe that this changing 
climate variability and its understanding should be made a na- 
tional security issue and not just a domestic issue. I feel sad to 
hear that we continue to focus today too much on just what is hap- 
pening in the United States, but unfortunately with our standing 
in the world, you know, we are taking on responsibility for lots and 
lots of parts of the world, you know. 

You see lots of efforts both in the military and the civilian side, 
and I do believe that we need to think about other places in the 
world. You know, if climate variability destabilizes countries which 
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are on the edge — and I’m not going to mention any now — you know, 
that is going to cause a great problem for our economy and our citi- 
zens. So I really believe that we should return to the idea that the 
changing climate in the future and its variability is really an im- 
portant national security issue for the United States. 

Mr. Greenwood. Thank you, sir. Dr. Pielke. 

Mr. Pielke. Well, first I would like to mention, I think we should 
move beyond the term global warming to the more inclusive term, 
which is human induced climate change; because I think it is 
multi-dimensional and multi-faceted, as our policy statement says. 

In the specific policy statement of my association, there are two 
bullets in there that I think address your question specifically. The 
first one is that policy responses to climate variability and change 
should be flexible and sensible. The difficulty of prediction and the 
impossibility of verification of predictions decades into the future 
are important factors that allow for competing views of a long term 
climate future. Therefore, the American Association of State Cli- 
matologists recommends that policies related to long term climate 
not be based on particular predictions but instead should focus on 
policy alternatives that make sense for a wide range of plausible 
climatic conditions, regardless of future climate. 

Climate is always changing on a variety of time scales, and being 
prepared for the consequences of this variability is a wise policy. 

Second, in our interactions with users of climate information 
AASC members recognize that the Nation’s climate policies must 
involve much more than the discussions of alternate energy poli- 
cies. Climate has a profound effect on sectors such as energy sup- 
ply and demand, agriculture, insurance, water supply and quality, 
ecosystem management, and the impacts of national disasters. 

Whatever policies are promulgated with respect to energy, it is 
imperative that policymakers recognize that climate variability and 
change has a broad impact on society. The policy responses should 
also be broad. Thank you. 

Mr. Greenwood. Dr. Michaels. 

Mr. Michaels. Mr. Chairman, as a CATO scholar, I guess I am 
going to have to be rational. The fact of the matter is that I believe 
what we should do now is not mandate technological programs and 
technologies that will not do very much about warming. 

When Mr. Gore came back from Kyoto in 1997, he asked the gov- 
ernment scientists to project how much warming the Kyoto Pro- 
tocol would save. The Protocol would require us to reduce our emis- 
sions 7 percent below 1990 levels, etcetera. Let me show you the 
calculation. 

The solid black line is the average temperature change from a 
suite of models if all the nations of the world did Kyoto. The 
dashed line underneath it — if we continued business as usual, I’m 
sorry. The dashed line underneath it is what happens if all the na- 
tions of the world did Kyoto. 

The change in global surface temperature exerted by Kyoto in 50 
years would be seven hundredths of a degree Celsius, fourteen hun- 
dredths of a degree Celsius in 100 years. 

If we really are concerned about this problem, I suggest rather 
than mandating technologies that we specifically allow people to re- 
tain their income to invest in the technologies of the future that 
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this Congress and no one on this panel can define. One hundred 
years ago, the technology that ran our society was radically dif- 
ferent than it is today. One hundred years from now, it will be 
radically different. It will be more efficient. It must be, because 
that is what a market determines. 

I think the best thing to do is to allow people to invest in those 
technologies, their own choice, rather than having governments, 
perhaps mistakenly, invest other people’s monies in technologies 
that simply will not accomplish what many people on this panel 
think needs to be accomplished. 

I believe our change to a less carbon based economy is an histor- 
ical inevitability. All we have to do is get out of the way. 

Mr. Greenwood. You would command us to command less. 

We thank all of our witnesses for your presence and your testi- 
mony, and excuse you now. This hearing is adjourned. 

[Whereupon, at 11:45 a.m., the subcommittee was adjourned.] 
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